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ABSTRACT
KHALDOON DHOU. Toward a better understanding of viewers’ perceptions of tag
clouds: relative size judgment. (Under the direction of DR. MIRSAD
HADZIKADIC)
This dissertation focuses on viewers’ perception of the relative size of words presented
in tag clouds. A tag cloud is a representation of the word content of a source document
where the relative frequency, or importance, of the keywords (i.e., tags) is depicted
by presenting the most important tag words in a cluster called a tag cloud and
varying visual characteristics of the tag words such as color, saturation, location
and size. Although previous research has found that relative size is a strong visual
factor for communicating relative importance of tag words, it is still unclear how
viewers perceive the relative size of the words in tag clouds and how perceived size is
influenced by other tag cloud characteristics. This dissertation looks at how viewers
estimate the relative size of words given different characteristics such as decorations
like (e.g., filled areas, boxes, and shadows), appearance of the words (e.g., varying
the amount of narrow or wide letters), the typeface style (e.g., bold typeface), and
location in the tag cloud (e.g., upper left vs. upper right quadrants). Significant
under- and over-perception of the relative size of tag words were observed, primarily
varying with the size of the target tag word. Word appearance had a modest effect
on size misperception, while typeface style and location had a smaller effect. The
results provide insight regarding the influence of surrounding tags on the perception
of relative size of a tag word, as well as guidance to tag cloud designers regarding the
influence of other presentation characteristics on perceived relative size.
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CHAPTER 1: INTRODUCTION
Studies have shown that 90% of error in
thinking is due to error in perception. If you
can change your perception, you can change
your emotion and this can lead to new ideas.
— Edward de Bono
Perception fascinates scholars from all different fields. They have discovered, among
other things, that the way one presents information can greatly influence perception.
For instance, the Coca-Cola glass bottle, with its unique shape, instantly became an
icon. The unique tactile experience Coca-Cola offered ended with the introduction
of plastic bottles and metal cans. These containers made it difficult for a blindfolded
person to distinguish Coke from other soda brands [59, page 89]. Not only shape but
also size and color intensify impact, increasing recall percentage in business magazines
and, in case of size, the length of time users look at large advertisements [33, page
127]. Perception even attracted medical scholars: Their work has, in part, spurred
the creation of drugs with different aesthetic qualities (e.g., shape and color) enabling
consumers to differentiate one from another. Surprisingly, shape and color can evoke
positive emotions and thus garner consumer loyalty [59, page 100]. Shape also
ensures instantaneous brand recognition. In fact, automobile companies often user
model shape as their defining feature [59, page 86]. Scholars have also explored size
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and obtained similar results. Plumert and Nichols-Whitehead showed that adults
prefer size to color when making purchase decisions [70]. Even more, Aydinoglu, et
al [13] found that labels of various sizes can be distinguished and acquire certain
unique meanings among consumers.
Visualization is concerned with studying, understanding, viewing and communicating
the visual representations of data. Perception is one of the essential aspects in
information visualization [51]. Generally speaking, one must discern how eye and
brain collaborate to process complex designs because misunderstanding of data can
lead to serious consequences. For example, Elting, et al [34] found that the display
of data affects the accuracy of decisions physicians make. The authors used different
data displays: tables, pie charts, bar graphs and icons. The authors emphasized on
the way the data is presented for the purpose of conveying the message. Schonlau
and Peters [77] also noted that the display type affects the accuracy of the answers
regarding recall on data. The authors used bar charts, pie charts and tables. Among
the findings was the answers based on tables were more accurate than the ones in pie
and bar charts. In a study by Spence [81], participants were required to compare the
size of graphic elements. The author used a combination of lines, bars, pie and disk
slices, cylinders, boxes and table entries. Each participant was asked to divide a line
into two segments each of which is proportional to the size of one of the two elements
he saw. He found that accuracy varied depending on the stimuli. Furthermore,
Schapira, et al [76] evaluated the response of women to information about the risk
of breast cancer where there were different display types. The authors found that
some figures were easier to understand than other figures and some formats were
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even associated with risk.
A tag cloud is a visual representation of the word content of a text where the
frequency of the words is communicated by the a tag cloud feature such as size. For
example, size of a word in a tag cloud is proportional to its frequency in the original
text - the higher the frequency of a term, the larger the typeface size. Tag clouds
have become an important visualization tool for several purposes and in several fields.
Figure 1 shows a tag cloud generated by TagCrowd [6], that is an online application
for creating tag clouds.
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Figure 1: Tag cloud example
Tag clouds are becoming popular navigational tools, as they provide a summary
of the relative importance based on frequency of appearance in key words and users
can use the tags to go to whatever block they want. One observes this on numerous
websites, such as Flickr [10], which is a web application allowing people to host images
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and videos and Amazon [8], the well-known e-commerce company. Furthermore,
tag clouds can be used to give users an impression of a content. Tag clouds are
even used on social websites to provide an impression of a person and his interests
( [39] as referenced by [73]). Tags can also be used in a search to locate specific
items navigating through the text (e.g. article) as in the Google Chrome Browser
[9]. Although the size of the words in tag clouds is a function of the frequency
or importance of the words in the underlying database, the review of the existing
literature did not reveal studies investigating how users perceive the relative size of
words in tag clouds. Because typeface size is the strongest visual feature in the tag
cloud [15] and it is a way of communicating the frequency in tag clouds ( [45], [35]),
perceiving relative typeface size is of fundamental importance for tag cloud designers
as wrong judgment reflects a distortion in a user’s perception, a critical issue.
Steele and Iliinsky [82] argued that size can effectively represent relative importance
among entities and capture users’ attention and conveying the relative size for very
large and very small objects could be a challenging problem. This dissertation focuses
on how users judge the relative size of typefaces in a tag cloud in the presence of other
design elements already studied in the literature: Shape, font boldness, decorations
and location in the tag cloud ( [18]). This raises many questions: How do participants
judge the relative size of words in tag clouds and how does that relate to relative
size manipulation? Would larger word size affect the participants’ judgment? Would
decorations added to the words attract the users’ attention and significantly alter their
perception? What about the location? What if the typeface style is manipulated? In a
recent study, Yau [93] highlighted the challenge of scaling words in tag clouds because
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the white space and view are less accurate than geometric shapes. This dissertation
explores different parameters that interact with relative size in tag clouds, such as
decorations, typeface style, word appearance, and location. Research in diverse fields
has revealed the importance of such parameters. For example, decorations can be one
graphic organizers used during instruction. McKnight emphasized the effectiveness of
graphic organizers in empowering students to comprehending new information [65].
Likewise, design aesthetics and sight impressions are crucial in marketing and can
help in creating an awareness of a certain brand [46]. Marketers must convey a
visual impression to customers to convince them to purchase products.
Tag clouds use a function of frequency of key terms to determine how tags will be
presented in the tag cloud. The typeface size is a primary visual characteristic in a
tag cloud, however, tag cloud cloud designers use several other types of presentation
characteristics that could interact with the size to influence perceived size. For
example, Bateman, et al showed the interaction of different visual features in tag
clouds (Figure 2). This clearly shows the interaction between the size of the word
and the area of the tag, which makes the perception of size in a tag cloud a critical
issue. Olt Aicher, a designer and a typographer emphasized on the importance of
size in typography to make it appealing to the eye [52, page 56]. Typeface also
received attention in business: Sulak [87] used eye tracking technology and other data
collection techniques in an attempt to understand how font contributes to persuasion
in business communications.
The goals of this dissertation are the following: (1) Seeing how the relative typeface
size is perceived when presented in a tag cloud; (2) Seeing what other commonly used
6
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Figure 2: Interdependencies between different features in a tag cloud adapted from
[15]
tag cloud presentation characteristics interact with perceived size. This dissertation
is organized as follows: Chapter 2 provides an overview of applications of tag clouds
in different fields. Chapter 3 reviews related published work in psychophysics and tag
cloud evaluation. Chapter 4 provides hypotheses for this research. Chapter 5 provides
a background on typography and shows how design guidelines were followed in the
experimental design. Chapter 6 presents experiment 1, which studies the influence
of distractors, appearance of words and decorations in typeface size ratio judgment.
Chapter 7 presents experiment 2, which studies the influence of typeface style and
location in typeface size ratio judgment. Chapter 8 provides a general discussion of
the research findings in experiments 1 and 2. Chapter 9 provides summaries and
conclusions.
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CHAPTER 2: APPLICATIONS OF TAG CLOUDS
Knowledge without application is like a book
that is never read
— Christopher Crawford
Today’s fast-paced world necessitates the immediate delivery of useful information
to targeted customers. The bombardment of news, advertisements and mail, in our
information-driven world, forces viewers to skim only a fraction of the information
provided. The rest quickly fades out to the background. Tag clouds have drawn
the attention of researchers from multiple fields. It is a visual tool that has gained
fame with its power to convey chunks of information that when conjoined constitute
a meaningful message. Besides computer science and engineering ( [11], [20], [24],
[23], [30], [31], [38], [48], [72], [79], [89]), tag clouds are used and studied
in Systems Science and Engineering ( [28], [88]); Industrial Engineering ( [92]);
Environmental Engineering ( [41]); Sociology ( [45]); Media and the arts ( [64], [66]);
Public Health ([37], [85]); Psychology ( [25], [60], [91]); Linguistics ( [27]); Education
( [35], [57], [68], [84]); Public and Policy Administration ( [71]); Management and
Leadership( [43], [49], [69], [74]); Library science ( [12], [90]); Nutrition ( [40]);
Architecture ( [62]); e-learning ( [19]); Rhetoric and Composition ( [67]); Nursing
( [26]); and Geography ( [58]). A review of the literature revealed different purposes
for tag clouds. Two of the main purposes are decision making and analysis and
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exploration. Desai [30] used tag clouds as a way of comparing the tag behavior
of different subpopulations when making a decision. In that study, end users could
visually explore tag clouds belonging to different groups of users, which was more
beneficial than just looking at the average rating of a certain product.
Matsunaga [64] used word clouds to design guidelines for electronic forms where
different word cloud features have different meanings. For example, word size of the
words in the cloud indicates the importance of the word and the color is to make the
categories distinct from each other. Examples are Figure 4 and Figure 5.
Turning to analysis and exploration, in the field of industrial engineering, Wu [92]
used a word cloud as a way to explore an open-ended question regarding whether
Adaptive Cruise Control creates problems or safety concerns for drivers. The author
conducted an exploratory analysis of participant comments using a word cloud. In
linguistics, Critel [27] used tag clouds to analyze data in a study of students’
participation in a writing classroom. In that work, methods were implemented to
determine characteristics enabling users to perceive typeface in business documents.
Levy [58] uses word clouds to illustrate changes between social groups, in terms of
intergenerational differences and geographic commonalities: word clouds, frequency
counts and transcript interactions provided a picture of problems facing Moldovans
in their daily life. Dhone [31] used tag clouds as one way to search videos from a
repository in her work on the Video Library Management Software Toolkit for the
Nevada Climate Change Portal (VLMST for NCCP). Provost [72] used tag clouds as
a way of providing context for the corpus for better understanding, not only showing
the most frequent terms. While researching social media use in March 2011 during
10
Japan’s neclear crisis, Stirratt [85] used Radian6 with widgets including a tag cloud.
Radian6 provided access to some analytic tools and allowed the researcher to ascertain
why a certain word appears in a tag cloud. Liu [60] used tag clouds to visualize the
most frequent keywords and synonyms for four open-ended questions regarding the
bullying of women in the Pharmaceutical/Biotechnology/Medical Device (PBMP)
industry in the United States. LeNoue [57] conducted a study to gather information
on the use of social networking sites by educators in education and learning. The
author used Wordle to create weighted lists from some of the responses such as being
asked to identify the challenges associated with the implementation of educational
social software in the respondents occupational setting. Carmean [19] used tag
clouds for not only word frequency analysis, but also summary construction. 
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In another application of location-based social media sites, Thompson [88] used
a tag cloud as a way to visualize venue type (e.g. hotel, coffee shop or gallery).
11 93 
 
Figure 30. Word Cloud and researchers. 
 
Chijiwa
(Color palette)
 Pippo Lionnni
“Man is not”
Wurman
(Information Design)
Yee, Lievesley, and Taylor
(Design Failure)
Molinari  Pink  Lausen  Yamaguchi
Krug (Web)
Raskin (Interface+human behavior)
Wrobleski
(Web form design)
(Interface design)
(Alternative sign-up)
Marcus
(Graphic Design Questions)
(Principles for information graphics)
Marcus and Baecker
(Graphic Design principles 
for programs)
Stone, Adams, and Morioka
(Color theory)
Lupton (Typography)
Williams (Typography)
Ariely (Decision making)
Porters 
(Designers’ role)
(Psychology)
Norman
Researchers
Visual hierarchy
Emotion, trust
Expectations
User behavior
Human Factor
Scannability
Design process
Interface Error, failure
Sign-on
Flexibility
Consistency Text, typography
Self-explanatory,
instructions
Design goal
Space
Word cloud and researchers
Emotion
Design process
Visual principles
Technical goals
Technical requirements
DESIGN GUIDELINES FOR ELECTRONIC FORMS 
Digital divide
SOCIAL CHANGE
Interface
Psychology
Graphic Design
Information Design
Keywords that designers are recommended to understand
Figure 5: Example of a tag cloud adapted from [64]
Similarly, Shankar [79] used a tag cloud to visualize the tags for locations in their
data set. One of the applications of tag clouds is the visualization of the documents.
Hoyt [45] used a tag cloud to look for relevance and visualize codes representing
quotations from articles. The author used the size of the words in a tag cloud as
a feature representing the frequency of words where the higher the frequency of the
word, the larger the size of that word in a tag cloud. Hayman [43] represented
interviews in a tag cloud to determine which information recurred. Kantarakias [50],
a researcher in leadership emphasizes on the importance of a tag cloud in his work
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on leadership for communicating and evaluating ideas and messages.
In a study aiming to predict crowd violence, White [91] used NVivo 9 to visualize
data in different words including tag clouds in their preliminary data analysis. Emanuel
[35] used tag clouds in research on education for visualization and data analysis of
participants’ responses. Angel [9], performed qualitative analysis using tag clouds
to gain more insights. In Nursing, subjects submitted responses to four questions
asking about the strengths, weaknesses, opportunities and threats in the CCIRES
(Collaborative Center for Interactive Reviews and Evidence Summaries) program
[26] to evaluate and ultimately prove the program. For each of the four categories,
tag clouds were generated via the NVIVO text frequency query.
Kuo, et al [54] expanded typical tag cloud analysis to include the construction
of summaries. They described the use of PubCloud to summarize the results of the
queries from PubMed, navigate the summarized results and compared the results of
PubCloud with those of PubMed. The study demonstrated that tag clouds could
be used both to summarize results and navigate relevant information. Sinclair and
Cardew-Hall attempted to answer the question of whether tag clouds were useful for
people seeking information from a folksonomy dataset [80]. The authors found that
users preferred to use a tag cloud for general tasks and a search interface for specific
tasks. The authors also observed that users answers most of the questions using a
tag cloud.
Lee, et al introduced SparkClouds, a visualization combining both tag clouds and
sparklines to show trends [56]. The authors found that with spark lines, SparkClouds,
provided an overview of the trends with little additional space, and, with tag clouds,
13
the layout was compact and aesthetically pleasing. This confirms the importance of
studying aesthetics in tag clouds.
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Figure 6: Tag cloud of chapter 2 generated by www.tagcrowd.com
CHAPTER 3: RELATED WORK
Aesthetics have substantial political
consequences. How one views oneself as
beautiful or not beautiful or desirable or not
desirable has deep consequences in terms of
one’s feelings of self-worth and one’s capacity
to be a political agent
— Cornel West, Breaking Bread: Insurgent
Black Intellectual Life
Psychophysics has to do with lawful relationships between physical aspects of
objects and events (e.g., luminance, sound pressure, weight, size) and perception
(e.g., brightness, loudness, heaviness, size). One general finding from this literature is
Steven’s power law, which indicates that for many magnitude judgments in perception,
a ratio comparison is a perceptual constant no matter what part of the magnitude
scale one is operating at. For example, a light that is perceived to be twice and
bright as another light will continue to be perceived as twice as bright if both lights
are moved up or down the brightness scale in a proportionately equal manner. This
general finding works in many perceptual magnitude domains, and suggests that tasks
that encourage participants to make ratio judgments of the relative size of 2 objects
should yield reliable results.
In Steven’s Power Law: J = λDα where
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J = judged magnitude
D = actual magnitude
α = exponent
λ = scaling constant.
Cleveland, et al [21, 22] conducted an experiment to test previous work indicating
that people’s judgment of the area of a circle is proportional to the area raised to a
power less than one. Participants judged circles including and not including maplike
grid ticks, labels, scale and border. For the maplike stimuli, subjects were informed
that an anchor circle represents toll charges of $100 and asked to give the dollar
representation of three other circles without bringing the term area. For the other
stimuli with no maplike grid ticks, the area of the anchor circle was called 100 units
and subjects were asked to estimate the areas of the other three circles compared to
that circle. According to the authors, higher exponents were obtained when the circle
was available in the presence of other circles as opposed to shown to participants and
removed before they make judgments.
Mates et al [63] measured the ability of participants to compare the areas of
squares and rectangles. The authors proposed a formal model of area perception
and its estimation. The stimuli used were filled and unfilled figures (a square and a
rectangle) on the screen. According to the results, rectangles were judged as bigger
than squares and they also found that the perception of contour influenced the users
judgment of area.
Research on perception of rectangles seems to be applicable to size judgments of
words because the overall shape of the words is rectangular with a dominant width
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axis. Based on the related work, it is predicted that people might over-judge the size
of words as they do for rectangles, but it is still unclear how this will translate into a
judgment of the relative ratio of sizes of 2 compared words.
This research is focused on relative size judgment of words in tag clouds. Relative
size judgment where people judge the size of a scaled word compared to another word
attracted researchers from various backgrounds and for various purposes. One design
approach is to combine both large and small scales. Changing the scale can serve
many purposes. One approach is conveying fantasy such as when a cartoon figure
shrinks in size to be able to enter from the door. In addition, exaggerated size in
advertising is used to draw the attention of the viewer to a certain element in the
advertisement.
The application domain used in this research is the tag cloud environment. The
review of the literature revealed very few studies in the evaluation of tag clouds. The
way one presents information, that is, color, typeface and typeface size contributes
profoundly to the formation of users’ perception. Scholars from different fields have
researched various visual characteristics studied in this research of tag clouds. Börner
[16] demonstrated the usefulness of knowledge of graphic variables including position,
form (size, shape and orientation/rotation), color (value or lightness, hue or hint,
saturation or intensity), texture and optics. In addition, Klemmer [53] outlined
three basic tools for visual design that powerfully convey information: typography,
layout and color.
Understanding the visual features of tag clouds helps one to understand the different
kinds of information that can be obtained from them. This dissertation is inspired by
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many studies in the area of tag cloud perception, for example, the study of Bateman,
et al [15] investigating the most visually important features of tag clouds. The
findings showed that font size, font weight, saturation and color wield a great visual
influence. Other features are less likely to capture viewers’ attention, for example,
number of pixels, width and area. In a similar, yet different vein, Halvey and Keane
evaluated the use of tag presentation techniques. The properties they found important
included: alphabetization, tag position, the use of larger fonts. The authors found
that bigger font sizes were associated with faster completion of tasks. Moreover, the
results showed that participants were able to identify words in the upper left portion
the most quickly. Their findings illustrate the necessity of studying these properties
and the ways in which together they guide our understanding of perception in tag
clouds.
Studying such visual features is essential if one is to effectively design and evaluate
tag clouds. For instance, Rivadeneira, et al [73] described two studies evaluating how
effective tag clouds can be for different tasks such as searching, browsing, impression
formation and recognition. To build tag clouds, authors used font weight, font size,
font color and word placement. The authors found that the recall of the words of
larger size was higher than that for words of smaller sizes. Furthermore, the recall
of the words in the upper left portion was significantly higher than that in other
portions. Clearly, word size and position are important factors in users’ perception
and need to be studied further to gain a better understanding of tag cloud perception.
Hearst and Rosner [44] examined why designers create tag clouds and how they
expect tag clouds to be interpreted. The authors used a qualitative method to assess
18
current use, as well as the advantages and disadvantages of tag clouds as perceived
by users.
Some research studies focused on the perception of tag cloud features. Zhang, et
al [94] explored how the font size and tag location influence the Chinese perception
of tag clouds. The findings demonstrated that recall for tags with larger font was
significantly bigger than that for tags with smaller fonts in all three locations.
Quadrant
Quadrant
Quadrant
Quadrant
Figure 7: Three levels of quadrantizing a square adapted from [94]
Zhang, et al also found that the recall of tags in different locations depends on
font size with a greater effect for larger fonts. Moreover, the recall effect was more
significant in upper quadrants. Results also showed that eye fixation with tags of
larger font size was significantly longer than that with tags of smaller font size. In
addition, participants spent less time on the outer tags.
19
Figure 8: Locations of tags in the tag clouds in the study by Zhang, et al [94]. I=
Inner, M=Middle, O=Outer. This figure is adapted from [94]
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CHAPTER 4: HYPOTHESES
The only relevant test of the validity of a
hypothesis is comparison of prediction with
experience
— Milton Friedman
This dissertation proposes that the characteristics of the words influence users to
make different judgments on the relative size of the words. Specifically, it hypothesizes
the following, derived from a review of the literature in related fields:
H1: As the relative typeface size increases, the accuracy of the result will increase.
This is motivated by Weber’s observation that the just noticeable difference between
two weights is directly proportional to the magnitudes of these weights: ∆w = cw
[95, page 131], where ∆w is the just noticeable weight increment, w is the standard
weight and c is a constant.
H2: Participants have differences in typeface size ratio judgment of target pairs
that appear in tag clouds as opposed to target pairs that appear on the screens just
by themselves. This hypothesis is supported by the unifying factor of proximity [55],
which indicates that elements that are presented together are seen as a related pattern
(Please refer to Figure 10). Seeing words as a related pattern is probably going to
make participants judge their sizes differently.
H3: In the tag cloud environment, there is no statistical difference when users
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P R OX I M I T Y
An easy way to gain unity—to make separate elements look 
as if they belong together—is by proximity, simply putting 
the elements close together. The four elements in A appear
isolated, as fl oating bits with no relationship to each other. 
By putting them close together, as in B, we begin to see them 
as a total, related pattern. Proximity is a common unifying 
factor. Through proximity we recognize constellations in 
the skies and, in fact, are able to read. Change the proximity 
scheme that makes letters into words and reading becomes 
next to impossible.
Proximity in Composition
Thomas Eakins’s painting (C) of bathers at a swimming hole 
shows the idea of proximity in composition. The lighter 
elements of the swimmers’ bodies contrast with the generally 
darker background. However, these light elements are not 
placed aimlessly around the composition but, by proximity, 
are arranged carefully to unite visually. Four of the fi gures 
form the apex of an equilateral triangle at the center of the 
painting. This triangle provides a stable unifying effect.
Shirley Kaneda’s painting (D) is an interesting array 
of shapes that are grouped in clusters, such as an arc of 
compressed oval shapes at the bottom of the painting. 
Elsewhere, shapes that appear to be stretched follow a 
reversed S curve. Notice how these clusters connect, 
forming the larger constellation of the whole composition. 
The elements are visually tied by proximity. Our eyes move 
smoothly from one item to the next.
Proximity is the simplest way to achieve unity, and many 
artworks employ this technique. Without proximity (with 
largely isolated elements), the artist must put greater stress 
on other methods to unify an image.
WAYS TO ACHIEVE UNITY
 A
If they are isolated from one another, 
elements appear unrelated.
 B
Placing items close together makes 
us see them fi rst as a group.Figure 10: Isolated (A) versus close (B) items adapted from [55]
make relative typeface size judgments of a single pair of words with ascenders and
descenders compared to a pair words with no ascenders and descenders. This hypothesis
is supported by the results of the Cleveland, et al study [21] where maplike information
had negligible effect on people’s judgment on circle’s areas. However, it is expected
that the group with ascenders and descenders will have a slightly bigger relative size
judgment. That is supported by the argument of Klemmer [53] which states that the
higher the x-height of the typeface, the easier to read that typeface at smaller point
sizes on devices with low resolution.
H4: The relative typeface size judgment of the word pairs with more ink in the
target word than the anchor word is not noticeably different than the relative typeface
size judgment of the pair of words with almost the same ink between the target and
anchor words. This is supported by the finding of Bateman, et al that there is a small
effect of the pixel count [15].
H5: Bold text has a strong factor that influences the participants overestimate of
23
the typeface size ratio judgment of relative words in a tag cloud. This is supported
by the study of Bateman, et al [15] who studied the importance of different tag
cloud characteristics in capturing the attention of the viewer. Their research findings
indicated that the font size and font weight (e.g. bold text) were the most influential
to the viewer.
H6: Participants overestimate the size of the words in the upper left portion of
the tag clouds. This is supported by the finding of Halvey and Keane [42] that the
information found in the upper left portion of the tag cloud or list would result in
the quickest identification. H6 is also supported by the study of Rivadeneira, et al
[73] where the recall of the words in the upper left portion of the tag cloud was the
highest. This seems logical given that in the current society people most often scan
the documents from left to right and from top to bottom. The study of Zhang, et al
[94] also supports this hypothesis as they found that the recall of the tags in the upper
left quadrant was significantly better than the recall of tags in the lower quadrants.
All these hypotheses are validated in Chapter 8.
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Figure 11: Tag cloud of chapter 4 generated by www.tagcrowd.com
CHAPTER 5: TYPOGRAPHY AND DESIGN
Readers usually ignore the typographic
interface, gliding comfortably along literacy’s
habitual groove. Sometimes, however, the
interface should be allowed to fail. By making
itself evident, typography can illuminate the
construction and identity of a page, screen,
place, or product
— Ellen Lupton, Thinking with Type: A
Primer for Designers: A Critical Guide for
Designers, Writers, Editors, & Students
In this chapter, a background on typography will be provided to aid in understanding
the research explored in this dissertation. This chapter will also review design guidelines
offered by other researchers and how this research utilized them in designing experiments.
For more information and background on typography, please refer to [17], [36], [53],
[61] and [86].
5.1 Typography
The words font and typeface represent of different things in typography and they
are often misunderstood. The word typeface as defined by Felici means ”a collection
of characters-letters, numbers, symbols, punctuation marks, etc.-that are designed to
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work together like the parts of a coordinated outfit”, while a font is ”a physical thing,
the description of a typeface-in computer code, photographic film, or metal-used to
image the type” [36]. Figure 12 illustrates the difference between a word’s typeface
and font.
The Complete Manual of Typography30
The confusion between the terms arises largely from the ambiguous use of 
the term font in computer programs, most of which have a Font menu. Although 
that menu lists what fonts are available for use by the program, it could just as 
easily be called the Typeface menu, as it also lists the typefaces available for 
your pages. In fact, since some fonts contain data for more than one typeface, 
it would be more accurate to call it the Typeface menu.
Type Design and the Em Square
A key concept underlying both the design of type and the practice of typogra-
phy is the em square. As described in the previous chapter, the em is the basis 
for a range of relative units of measurement whose values are contextual: They 
depend on the size of the type they’re used in.
The widths of characters are expressed in such relative units, which are 
fractions—typically thousandths—of an em. Within a font is a statement of 
how many units per em the widths of the characters are based on. That is fol-
lowed by a table of the characters themselves and their widths (measured in 
units). For a peek inside such a font metrics table, see page 25.
The em square, then, is the grid upon which all the characters in a font 
are created. Some characters extend outside the em square, but those are rare.
The Baseline
In normal lines of type, all the letters sit on an invisible line called the baseline,
as shown in Figure 3.2. The position of the baseline within the em square can 
the font: the typeface:
F IGURE 3 .1  The words font and 
typeface represent two very different 
things. On the left is a small part of 
the programming code of the New 
Century Schoolbook font, describing 
all the aspects of what the characters 
generated from it should look like. 
On the right is the New Century 
Schoolbook typeface, expressed as a 
series of characters sharing specific 
features that represent the “look” of 
the design.
F IGURE 3 . 2  The baseline of type, as 
highlighted here, is the invisible line 
upon which the characters of the line 
sit. The baseline is the reference point 
from which the spaces between lines 
of type are measured, and leading (or 
line spacing) is measured from baseline 
to baseline.
Figure 12: The difference between the words font and typeface adapted from [36]
A monospaced typeface is one in which all letters, numbers and symbols have the
same width. In proportional typeface, the characters can have dissimilar widths. A
popular computer typeface, Courier, is actually a typewriter typeface, and although
used in computer word p oc ssing, its characters are identical in width. Monospacing
left little or no room for further expression, but the idea of having words with
letters varying in width was appealing to researchers. Figure 13 shows an example
of monospaced and proportional typefaces. It is noticeable that words with the
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same number of characters always have the same length in monospaced font; the
proportional typeface allows for far more variance.
aaaa
mmmm
wwww
iiii
aaaa
mmmm
wwww
iiii
36-point Courier New 36-point Arial
Figure 13: Example of monospaced (Courier New) versus proportional typeface
(Arial). In monospaced typeface all characters have the same width while in
proportional typeface characters vary in their width
When the letter is cast on its block, there is a space around the letter and that
block height is defined from just above the apex of the tallest character to the limit
of the lowest character (Figure 14). Such gaps prevent letters from overlapping over
and touching each other. The point size is defined as the height of the virtual blocks.
Dy Point size
Figure 14: Point size defined as the height of the virtual block
In the typeface design (Figure 15), the baseline is an invisible line where most
characters reside. The mean line is an invisible or imaginary line that resides at the
top of the non-ascending small letters. Ascenders are defined as the parts of the
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small letters that extend above the mean line. Descenders are defined as the parts of
the small letters that stretch below the baseline. The x-height or corpus size is the
difference between baseline and mean line. em is a unit of width used in typography
and it measures the horizontal space. One em is equivalent to the type size. For
example, when the type is 16 point, the em is 16.
x-heightchadge
descender height
baseline
ascender height
mean line
Figure 15: [An example showing some definitions in typeface design. Baseline is where
most of the characters reside. The mean line resides at the top of the non-ascending
small letters. x-hight is the difference between the mean and baseline
5.2 Key Practices Followed in the Experiment Design
This research followed some of the key practices to readable typography offered by
Smashing Magazine [61]. Below are the key practices as explained by [61] and how
they were followed in the design developed specifically for this dissertation:
(a) User-Friendly Headers
As is often the case, headers were used to capture the attention of the reader. This
was important to ensure contextual understanding of the directions or information
provided. User friendly headers are a crucial component in typography. Their
importance extends to web and print typography. Additionally, user friendly headers
are not only part of the basic text hierarchy, but also critical in scannable content, as
well. It is important to understand the importance of the header size as otherwise,
this can lead to distraction or misunderstanding. This key practice was followed in
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the instructions provided to the participants performing the experiments 1 and 1
(See Figures 16, 17 and 18). In the current design, headers were effectively used
to convey the purpose (i.e. instructions of the experiment). The design considered
the size of the headers so that participants do not lose their focus when reading the
instructions and to pay appropriate attention to the information conveyed. Space was
also utilized between the header and the text below it to insure that the information
could be digested efficiently.
(b) Scannable text
Making a document scannable requires the judicious use of headers. The hierarchy
and focus points of the headers are helpful to the navigation of the reader through the
content. Focus points are those elements or objects within the text document that
are supposed to capture the attention of the viewer. Examples are graphical elements
and buttons. There are factors that make text easily scannable such as header size
and position, text size, height and contrast and all these factors interact with each
other. For this study, the documents were made to be scannable by having the header
size and position distinguished from the body of the text. Red dots were also used
as focus points to drag the attention of participants to the target pairs of words to
be compared. For example, in the experiment instructions, the words ”dealizer” and
”citounst” have red circles indicating that these are the words to be compared (See
Figure 21)
(c) White Space
White space, or that part of the document that does not have markings of any kind
helps the users eyes travel more easily through the document. This factor also offers a
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break between various elements in the text such as graphics and text. The white space
in this design was used to help easy navigation through the text. The instructions for
the subjects in the experiment utilized white space to provide a separation between
different elements in the layout and therefore help users pay attention to the meaning
of the text (See Figures 16, 17 and 18)
(d) Consistency
Consistency in the hierarchy is important to a user-friendly layout. Often, consistency
is viewed as a factor contributing more to usability. However, it also contributes to
the readability of the written word. Consequently, it is important to have consistency
in size, color, font and spacing between all headers that has the same importance. The
consistency in the current design of tag clouds was applied by choosing words with
certain identical characteristics within the same tag cloud. For example, in figure 22,
all words in the tag cloud have bold font. Consistency was also applied to factors
chosen in the design, for example having all the words in the tag cloud with the same
decoration (See Figures 19 and 20)
(e) Density of Text
The text density is the amount of words placed in a certain area. Density has
a significant impact on the readability of the text. It is affected by manipulating
the spacing options such as text size and spaces between letters. There should
be a balance between these options to help readability and scanability of the text.
The text in written materials for the study was both readable and scannable as a
balance between the spacing options such as the line height, spacing and text size
were carefully maintained.
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(f) Emphasis of Important Elements
The emphasis of particular elements in the written document is yet another key
factor that can be utilized to provide a focus point for the consumer. Focus points are
especially vital in Web typography. Highlighting links, using bold text for important
items and displaying quotes are just a few examples. Emphasizing these objects helps
providing focus points the writer desires the reader to attend to. The emphasis of
important elements in this design was achieved via bolding header information to
make it attractive to the eye of the user and to distinguish it from other parts (See
Figures 16, 17 and 18). Dots were also used so that users could identify the target
pair of words to be compared easily (See Figures 20 and 21).
(g) Organization of Information
Organized information can enhance readability. This factor was utilized to make
the information easy to find and read. For example, in the instructions provided at
the beginning of the experiment (Figures 16, 17 and 18), there were different blocks
for instructions, tag cloud example, answer bar where users choose the answer they
think it is right.
(h) Clean Graphical Implementation
Clean graphical implementation can be a challenge. While a graphic can bolster
and expand on the written information, implementation can be problematic. In order
for a graphic to be helpful, the author should utilize an appropriate amount of white
space between the graphic element and the text of the document. Decoration can also
be used to define a graphic element such as a clear border around an image. This type
of decoration will help provide a noticeable division between the image and the text.
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A factor, such as a border, should never disrupt the text. Icons and illustrations, for
example, would best be benefited by white space versus a border as the border would
diminish attention to the text. In the experiments provided by this research, space
was used to separate the tag cloud image in the instructions from the text (Figures
16, 17 and 18). In addition, only simple borders were around the tag cloud to make
it separate and draw the attention of participants to it (Figures 16, 17, 18, 19,
20 and 21). Furthermore, boxes around the questions requiring a response from the
participant were employed (Figures 19, 20 and 21). The goal was that the presented
text not be disrupted by anything.
(i) Use of Separators
Separators are a straightforward way define specific portions of information. This
factor can separate major elements such as headers or lesser text into manageable
portions. An extremely simple type of separator is a single, unadorned, line. Typically
a simple line such as this is used to divide other elements and factors in the hierarchy.
However, simple lines can also provide more subtle means of dividing sections of test
or information. Boxes are used to divide content and to guide the users through the
provided layout. In short, separators are used to divide the text into different parts
in an organized way. This was necessary in this design to distinguish one part from
another such as tag cloud, scroll bar, instructions so that the participant was alerted
to look for new information. In addition, boxes around the questions were provided
and they were kept simple so that users will be able to distinguish them from the rest
of the items in the design (Examples are on Figures 16, 17, 18, 19, 20 and 21).
(j) Good Margins
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It is ironic that the white space in a document guides the reader to the text and
not away from in. The lack of white space results in a kind of chaos as the reader
does not know where to begin (or end). Good margins are a very commonly used
white space element. Effective use of whitespace along the sides of text will ensure the
reader pays attention to the important content of the text in an article or document.
Margins can also be used to help separate different elements in the design from each
other. Margins were used in the instructions (Figures 16, 17 and 18) to make a
separation between the tag cloud and the question asking users how much one word
is bigger than another. Thus, the content of the page was further defined.
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Figure 16: Instructions for experiment 1 - tag cloud absent display type
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Figure 17: Instructions for experiment 1 - tag cloud present display type
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Figure 18: Instructions for experiment 2
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Figure 19: Example of a screen shot in experiment 1 - tag cloud absent display type
Figure 20: Example of a screen shot in experiment 1 - tag cloud present display type
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Figure 21: Example of a screen shot in experiment 2
tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
dealizer
citounst
Figure 22: Example of a tag cloud from experiment 2
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Figure 23: Tag cloud of chapter 5 generated by www.tagcrowd.com
CHAPTER 6: EXPERIMENT 1: THE INFLUENCE OF WORD APPEARANCE,
DISTRACTORS, AND DECORATIONS ON TYPEFACE SIZE RATIO
JUDGMENT
A garden is a complex of aesthetic and plastic
intentions; and the plant is, to a landscape
artist, not only a plant - rare, unusual,
ordinary or doomed to disappearance - but it is
also a color, a shape, a volume or an arabesque
in itself
— Roberto Burle Marx
The focus of experiment 1 is to attempt to understand how users perceive the
relative size of the words given different characteristics and without including any
effect of the semantics. Tag cloud creators manipulate characteristics of words in
a tag cloud, e.g. typeface size and text box decoration such as shading and boxes
around the tags, or words. Typeface size has been found to be the most influential
feature in capturing the viewer’s attention [15]. Furthermore, size has been used for
the purpose of identifying information within a tag cloud [42]. In fact, the size of the
words in a tag cloud is one of the main features used to communicate frequency of
tags in a source document ( [35], [45]). The literature review did not reveal any study
that examines the relative size or any manipulation of typeface size ratio judgment
of words in tag clouds. Decorations such as boxes or frames around the words have
been of interest in the creation of tag clouds [5]. The perception of decorations such
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as boxes and frames around the words has also been studied in psychophysics [63].
The mere appearance of words, in their basic form, is necessarily a key element in a
tag cloud as the tag cloud consists of words. Since letter identification is a critical
issue in research [75], this study asserts that the appearance of words can play a role
in judging the relative size in tag clouds. In this chapter, the dissertation explores
whether the manipulation of tag clouds display type (tag cloud present, tag cloud
absent), decorations and appearance of words have an effect on the typeface size
ratio judgment. The goals of experiment 1 are the following:
• Providing a first look at how veridical (i.e. accurate) relative size judgments of
words in tag clouds are
• Understanding the influence of additional background words in the tag cloud
on relative size judgments
• Understanding the influence of different types of letters in the words (e.g., wide
vs. narrow letters, and letters with ascending and descending features)
• Understanding the influence of framing decorations (e.g., shading or boxes)
around the words being compared.
It is possible that the tag cloud of background words will distract the attention [29] or
the addition of tag cloud background words could lead to framing effects [32]. Having
one element on the screen (e.g. target pair of words to be compared while the rest
of tag aloud is absent) is a way to emphasize that element and attract the attention
of the viewer to it [55, page 64]. In this dissertation, the interest was on testing
whether the distractors, appearance of words and decorations have a significant effect
on the size ratio judgment. The nature of a tag cloud is to communicate relative
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frequency (and importance) of words in the target document through variation of
relative typeface size of the words in the tag cloud. Therefore, it is crucial that the
viewer be able to accurately perceive relative size of words in the tag cloud. With
this impression comes an indication of relative importance of the word in the original
document from which the tag cloud was generated.
Extensive work in visual perception has indicated that the human perceptual
system is particularly good at making ratio comparisons. This is the basis of so-called
Steven’s scaling, after the researcher who popularized the idea that the human perceptual
system dealt with ratio comparisons of relative magnitudes (e.g., relative size, weight,
or brightness) in a stable and robust manner. That is the reason of having participants
make a ratio judgment (e.g., how many times larger is the target word than the
comparison word) of pairs of words. Steven’s scaling suggests that for simple perceptual
intensities like brightness, loudness or 1-dimensional size such as length of line, the
ratio between two perceptual perceived intensities is constant no matter where on
the scale one is [83]. For example, if one is light is perceived as twice as bright,
the relative brightness would stay the same if you double the brightness of these two
lights.
6.1 Method
6.1.1 Participants
In this experiment, 65 participants were recruited from the Amazon’s Mechanical
Turk [1]. Participants were paid a base rate of $.50 and $0.04 for each correct answer
and for an answer to be correct, it has to be within the 15% of the actual value.
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Participants were not given any feedback on the accuracy of individual judgments
and they were paid at the end of the study according to the accuracy. Since there
were 96 questions, the maximum possible would be 4.34 (0.50 + 96 * 0.04 = $4.34).
Participants were informed that the decision to participate in the study was completely
up to them and if they decided to be included in the study, they could stop at any time.
There were 41 male and 24 female participants. Before beginning the experiment, each
participant needed to indicate that he read and understood the consent form provided,
which states that he might participate if he was able to comfortably communicate in
English and had 20/20 full color vision or corrected to 20/20. Participants were only
asked about gender and to explain how they made the decisions.
6.1.2 Materials
Participants in the study were asked to view 96 screens containing a target word
pair each: a target word and an anchor word. They were asked to judge how much
bigger the target word appeared compared to the anchor word. The anchor word
was always smaller in size (always 12 pt.) than target word that varied in typeface
sizes that ranged as follows: 18, 24, 30, 36. The design involved manipulation of four
independent variables - tag cloud display type, appearance, decoration and relative
size:
1. The presence or absence of a background tag cloud in addition to the target
word pair was manipulated. Half of the trials had a background tag cloud of 48 words
including the target pair, while the rest only had the target and anchor words on a
blank screen.
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2. Appearance of the letters in the target word pair was varied by varying the
amount of letters with ascending and descending portions (e.g., h, c, p, letters
ascending, non and descending parts), and varying the amount of narrow and wide
letters (e.g. w, i, letters that are wide versus narrow). See Figure 24 for the three
word pairs used in this experiment.
L1: Ascending and Descending Letters (Hybrid)
L2: Narrow
L3: No Ascending and Descending Letters (Neutral)
Figure 24: The appearance of words in a target word pair: L1: words have
approximately the same number of ascending and descending letters (hybrid) L2:
larger word that has wider letters (narrow vs. wide) L3: no ascending or descending
letters in either word of target pair (neutral)
3. Target word pairs differed in terms of decorations such as shading and boxes
around the words (See Figure 25). For this manipulation, all words in a tag cloud
including the pair of words to be judged have the same decoration.
4. Relative typeface size of words in a pair was manipulated. The smaller word in
a pair was always 12 pt (the anchor word). The larger word was 18, 24, 30 and 36 pt
(See Figure 26).
For the present experiment, only three pairs of words were chosen (See Figure 24
for the pairs used in this experiment). 48 target pairs were constructed by taking the
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(a) (b)
(c) (d)
Figure 25: List of decorations in target word pairs: (a) no decoration, (b) boxes, (c)
filled areas, (d) shadow. Target word pair always has the same decoration like the
rest of the words in a tag cloud
3 pairs of words presented in Figure 24 (originally from [3] and [4]) and creating 4
decoration levels of each pair at 4 relative sizes of the larger word. The smaller word
of each was always of size 12 pt. Each of these 48 displays created were presented
both with and without a background of words resulting in a total of 96 displays that
were presented in a unique random order to each participant without time restriction.
The displays were presented to the participant first with a tag cloud absent display
type in the first block of trials in a randomized order and in the second block of trials,
with a tag cloud present display type also displayed in a randomized order.
Because the effect of semantics that can exist when English words are used, words
from Lorem Ipsum, which is a modified piece of Latin text commonly used as filler
in layout designs [2] were used in the experiments in this dissertation. Latin text is
assumed to be unfamiliar to the vast majority of readers, while still retaining roughly
the word lengths and letter frequencies found in English. Using words from this
sample, as well as nonsense words from other sources [3, 4], ensured that users would
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(a)
(b)
(c)
(d)
Figure 26: An example of the relative sizes of the target pair in the tag cloud present
display type: (a) 12 vs. 18, (b) 12 vs. 24, (c) 12 vs. 30, (d) 12 vs. 36
focus on the sizes of the words themselves and not the semantics.
The criteria for choosing the pair of words in this experiment was the following:
1. The two words in the target pair have the same number of letters. For example,
the two words ’chadge’ and ’aphing’ have 6 letters
2. The two words in the target pair must have the same number of ascending and
descending letters
3. The two words in the target pair must have the same width when they are at
the same size and when using variable length width typeface. The exception is for
the wide vs. narrow appearance where one word was wider than the other
The Final Design was a two display type (tag clouds absent, tag clouds present) by
3 appearances (pair of words with no ascending and descending letters, pair of words
in which the larger word has wider letters, and pair of words with ascending and
descending letters) by 4 decorations (no decoration, boxes or borders, filled areas and
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shadow) by 4 sizes (typeface 12 pt. vs. typeface 18 pt, typeface 12 pt. vs. typeface
24 pt, typeface 12 pt. vs. typeface 30 pt and typeface 12 pt. vs. typeface 36 pt) (See
Figure 27).
Independent 
Variables
Display 
Type
Appearance Decoration
Relative 
Size
Tag Cloud 
Absent
Tag Cloud 
Present
Hybrid
Narrow
Neutral None
Boxes
Filled
Shadow
12 vs. 18
12 vs. 24
12 vs. 30
12 vs. 36
Figure 27: Independent variables in the first experiment
For the tag cloud present display type, 42 words including the pair of words to be
compared were distributed randomly in the tag cloud where the smaller word of the
target pair (anchor word) was always on the left part of the tag cloud. The frequency
of the words in a tag cloud varied based on their sizes. Table 1 shows the frequency
of the words in the tag clouds used in this experiment and including the target pair
of words.
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Table 1: Frequency of word sizes in the tag cloud
Word Size Frequency
Font 12 18 times
Font 18 12 times
Font 24 6 times
Font 30 4 times
Font 36 2 times
For the tag clouds absent display type (Example: Figure 28), the smaller word
(anchor word) was on the left of the screen and the bigger word was on the right of
the screen. The pair of words to be compared in the tag cloud present display type
were marked by red dots (Example: Figure 29) as color is one of the ways to achieve
emphasis via contrast on certain elements [55, page 59]. The screen size was always
800x600 pixels.
Figure 28: Screen shot of tag cloud absent display type
Each relative typeface size ratio judgment at each particular relative size was
compared with the typeface size ratio squared at that particular relative size. For
example, the typeface size ratio squared at relative size 12 vs. 18 is 2.25 ((18/12)2 =
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Figure 29: Screen shot of tag cloud present display type
2.25) and the typeface size ratio squared at relative size 12 vs. 36 is 9 ((36/12)2 = 9).
The reason why this measurement was chosen is because when the typeface size gets
doubled, both the height and width get doubled. This measurement is close to the
area of the tag, which is defined as the minimal box around the word in a tag cloud
[14].
6.1.3 Procedure
In this experiment, a participant first completed an informed consent screen. The
participant was then asked to review the experiment instructions for the first display
type, the tag cloud absent display type where there was an example of one trial with
instructions on how to perform the first block of the experiment, the tag cloud absent
part. After the participant agreed that he read and understood the instructions, the
first block started where a participant saw 48 displays for the tag cloud absent block.
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Each display is a trial. In each trial, a participant was asked how much bigger the
word on the right compared to the word on the left. For each trial, the participant
was asked to choose an answer from a continuous scale of 1 to 6 where 1 meant the
two target words have the same size and 6 meant the word on the right was 6 times
larger than the word on the left by clicking OK and progressing to the next screen.
Both the numeric response to the nearest tenth and the time response were recorded.
Displays remained visible until a response was completed then a new display followed
immediately. After the participant completed the first block of trials, he was presented
with the instructions for the second block of 48 trials of the tag cloud present display
type.
6.2 Results and Discussion
The size ratio judgment (See Figures 28 and 29) for each display type were
submitted to a 2 display type by 3 appearance by 4 decoration by 4 size repeated
measures ANOVA. Separate 3-way repeated measures ANOVAs for each display type
(tag clouds absent and tag clouds present) were also conducted. All effects were
reported as significant at p < 0.05.
6.2.1 Analysis of Full Design
There were 2 significant effects that included the display type factor. These will be
reported in this subsection. Other significant effects not including the display type
factor will be saved for the subsections of reporting results for each display type (tag
cloud absent vs. tag cloud present separately).
The main effect of the display type was statistically significant, F (1, 64) = 6.305,
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p = 0.015, η2 = 0.09. This indicates that mean size ratio judgment with the tag cloud
present (M = 3.34) was significantly larger than the mean size ratio judgment with
the tag cloud absent display type (M = 3.21). The mean values of users’ responses at
each display types were compared with the mean value of the typeface ratio squared,
that is, 5.375 as a test value. Two one sample t-tests were conducted. For the tag
cloud absent display type, t(64) = −22.108, p < 0.001 and for the tag cloud present
display type, t(64) = −20.943, p < 0.001. While both results were statistically
different from the test value, the tag cloud present display was better in making the
judgments closer to average typeface ratio squared.
Table 2: Mean size ratio judgment for the two displays: tag cloud present and tag
cloud absent. The mean typeface ratio squared is the mean value of the typeface
ratio squared of the 4 relatives sizes used in this experiment, ((18/12)2 + (24/12)2 +
(30/12)2 + (36/12)2)/4 = 5.375
Size Ratio Judgment Mean
Tag Cloud Present 3.206
Tag Cloud Absent 3.339
Typeface Size Ratio Squared 5.375
There was also a significant interaction effect between the display type, appearance
and relative size, F (6, 384) = 2.239, p = 0.039, η2 = 0.034. This indicates that the
interaction between the appearance and size was different at each display type (Figure
30).
Table 3: Mean values of the appearance for tag cloud absent and tag cloud present
display types
Appearance Mean (Tag Cloud Absent) Mean (Tag Cloud Present)
No Ascenders and Descenders 3.039 3.211
Narrow vs. Wide 3.457 3.572
Ascenders and Descenders 3.123 3.233
For further information about mean values, please refer to Table 4. To further
understand the interaction between display type, appearance and size, Figure 30
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illustrates 2 interactions at each level of the display type. In the two interactions,
participants always over judge the narrow vs. wide pair of words as an indication
that varying letter sizes can lead to a higher size ratio judgment. For each display
type, separate post-hoc tests were conducted comparing the wide vs. narrow level
with no ascenders and descenders level at each relative size. All these tests showed
that the main effect of the appearance was significant. Likewise, separate post-hoc
tests comparing the ascenders and descenders level with the wide vs. narrow level at
each relevant size revealed significant main effects of appearance in all the tests.
It can also be noted from Figure 30 that the size ratio judgment diverges as the
size increases for tag cloud absent display type and it stays the same for the tag
cloud present display type for words with ascending and descending letters and the
words with no ascending and descending letters. In order to understand this effect,
two-way ANOVAs were conducted between the two levels of appearance: words with
no ascending and descending letters and words with ascending and descending letters
at size 12 vs. size 36 for each display type. For the tag absent display type, the
main effect of appearance was statistically significant F (1, 64) = 9.715, p = 0.003,
η2 = 0.132, while the main effect of appearance was not significant in the tag cloud
present display. This would seem to be an indication that the effect of ascending and
descending letters dissipated after moving to a tag cloud environment.
The significant interaction display type x appearance x relative size had a very
small effect size and did not involve an appreciable qualitative change in the pattern of
means between displays with and without a background tag cloud present. The primary
effect of the addition of a background tag cloud on relative ratio size judgments of the
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comparison word pair was a small increase in the mean size ratio judgment.
Table 4: Mean values for the interaction between display type, appearance and
relative size
Tag Cloud Appearance Size Mean Typeface Size Ratio Judgment
Absent
No Ascenders & Descenders
12 vs. 18 2.095 2.25
12 vs. 24 2.61 4
12 vs. 30 3.418 6.25
12 vs. 36 4.031 9
Narrow vs. Wide
12 vs. 18 2.272 2.25
12 vs. 24 3.049 4
12 vs. 30 3.843 6.25
12 vs. 36 4.663 9
Ascenders & Descenders
12 vs. 18 2.081 2.25
12 vs. 24 2.696 4
12 vs. 30 3.489 6.25
12 vs. 36 4.225 9
Present
No Ascenders & Descenders
12 vs. 18 2.159 2.25
12 vs. 24 2.796 4
12 vs. 30 3.55 6.25
12 vs. 36 4.339 9
Narrow vs. Wide
12 vs. 18 2.415 2.25
12 vs. 24 3.146 4
12 vs. 30 4.009 6.25
12 vs. 36 4.719 9
Ascenders & Descenders
12 vs. 18 2.154 2.25
12 vs. 24 2.876 4
12 vs. 30 3.548 6.25
12 vs. 36 4.355 9
6.2.2 Tag Cloud Absent Display Type
Analysis of 3x4x4 Repeated Measures ANOVA was conducted where there were
three independent variables: appearance, decoration and relative size.
6.2.2.1 The Effect of Appearance
The main effect of appearance was statistically significant, F (2, 128) = 72.587,
p < 0.001, η2 = 0.531. Post-hoc tests were conducted between each two of the
three levels of appearance (2x4x4 repeated measures ANOVAs where each time two
levels of the appearance factor were picked). These post-hoc tests indicated that the
mean size ratio judgment for narrow vs. wide (M = 3.457) was significantly larger
than the mean size ratio judgment for no ascenders and descenders (M = 3.039),
F (1, 64) = 95.903, p < 0.001, η2 = 0.6 and ascenders and descenders (M = 3.123),
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F (1, 64) = 78.021, p < 0.001, η2 = 0.549.
In addition, the main effect of appearance was statistically significant when picking
the two levels in appearance: no ascenders and descenders and ascenders and descenders.
That indicates that the mean size ratio judgment of the target pair of ascenders and
descenders (M = 3.123) was significantly larger than the mean size ratio judgment
of the target pair with no ascenders and descenders (M = 3.039), F (1, 64) = 8.916,
p = 0.004, η2 = 0.122. This demonstrates that when tag clouds are absent varying
the width of the letters can play a role in overestimating the words sizes. In addition,
words with ascending and descending letters seem to bias the perception of the viewers
and lead them to judge words as bigger.
6.2.2.2 The Effect of Decoration
There was also a significant main effect of the decoration, F (3, 192) = 3.608, p =
0.014, η2 = 0.053. Separate 3x2x4 repeated measures ANOVA tests were conducted
where each time two factors of the decoration were picked. The mean size ratio
judgment of the boxes (M = 3.26) was significantly larger than the mean size ratio
judgment of the no decoration group (3.187), F (1, 64) = 6.029, p = 0.017, η2 = 0.086.
In addition, the mean size ratio judgment of the boxes (M = 3.26) was significantly
larger than the mean size ratio judgment of the shadow group (M = 3.157), F (1, 64) =
10.46, p = 0.002, η2 = 0.14. This clearly shows the minor influence of the boxes
around the words in capturing the attention of viewers. This agrees with the findings
of Mates, et al [63] that contour can bias the users’ judgment of the size of an area.
Furthermore, separate 3x2 repeated measures ANOVA were conducted where each
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time 3 levels of appearance and 2 levels of decoration were picked at each relative
size. These tests showed that the mean size ratio judgments of boxes (M = 2.837,
M = 3.858) were significantly larger than that of no decoration (M = 2.714, M =
3.467) at relative sizes 12 vs. 24, (F (1, 64) = 4.841, p = 0.031, η2 = 0.07) and 12 vs.
30, (F (1, 64) = 7.586, p = 0.008, η2 = 0.106), respectively. Interestingly, the mean
typeface size ratio judgment of no decoration (M = 2.17) was significantly larger than
that of shadow (M = 2.06) at relative size 12 vs. 18, F (1, 64) = 5.211, p = 0.026,
η2 = 0.075. In addition, the mean size ratio judgments of boxes (M = 2.181, 3.698)
were significantly larger than these of shadow (M = 2.06, 3.512) at relative size
12 vs. 18, F (1, 64) = 6.383,, p = 0.011, η2 = 0.097 and relative size 12 vs. 30,
F (1, 64) = 9.472, p = 0.003, η2 = 0.129. Finally, the mean size ratio judgment of
filled areas (M = 2.187) was significantly larger than that of shadow (M = 2.06), at
relative size 12 vs. 18, F (1, 64) = 8.532, p = 0.005, eta2 = 0.118.
6.2.2.3 The Effect of Size
The main effect of size was significant, F (3, 192) = 331.799, p < 0.001, η2 = 0.838.
To further understand the effect of size, separate 3x4x2 repeated measures ANOVAs
were conducted where each time 2 levels of the size independent variable were picked.
When picking the relative typefaces 12 vs. 18 (M = 2.243) and 12 vs. 24 (M = 2.939),
the main effect of size was statistically significant, F (1, 64) = 168.738, p < 0.001,
η2 = 0.725. The main effect of size was also statistically significant when picking
relative typefaces 12 vs. 18 (M = 2.243) and 12 vs. 30 (M = 3.702), F (1, 64) =
265.155, p < 0.001, η2 = 0.806. Likewise, the main effect was statistically significant
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when picking relative typefaces 12 vs. 18 (M = 2.243) and 12 vs. 36 (M = 4.471),
F (1, 64) = 342.394, p < 0.001, η2 = 0.843. Picking the relative typeface sizes 12 vs.
24 (M = 2.939) and 12 vs. 30 (M = 3.702) revealed that the main effect of size
was statistically significant, F (1, 64) = 183.884, p < 0.001, η2 = 0.742. Picking the
relative sizes 12 vs. 24 (M = 2.939) and 12 vs. 36 (M = 4.471) also showed that
the main effect of size was statistically significant, F (1, 64) = 299.830, p < 0.001,
η2 = 0.824. Finally, picking the relative sizes 12 vs. 30 (M = 3.702) and 12 vs.
36 (M = 4.471) revealed that the main effect of size was statistically significant,
F (1, 64) = 238.526, p < 0.001, η2 = 0.788. All these post-hoc tests indicated that
there were statistically significant differences in the typeface size ratio judgment for
each two relative typefaces used in this experiment.
6.2.2.4 The Interaction Effect (Appearance x Size)
The interaction between appearance and size was also significant, F (6, 384) =
4.252, p < 0.001, η2 = 0.062. In order to understand the interaction, separate
post-hoc tests were conducted (2x4 ANOVAs where each time 2 levels of appearance
factor were picked along with 4 levels of decoration factor at specific relative size).
Post-hoc tests indicated that the main effect of the appearance was always significant
at each of the 4 relative sizes when the two levels of appearance ’no ascenders and
descenders’ and ’narrow vs. wide’ were chosen. The main effect of appearance was
also significant when choosing the ’narrow vs. wide’ and ’ascenders and descenders’
at each of the 4 relative sizes.
In addition, three 2x4x4 repeated measures ANOVAs were conducted where each
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time 2 levels of appearance, 4 levels of decoration and 4 levels of size were chosen.
Tests revealed that the interaction effect appearance x size was only significant when
the Wide vs. Narrow level was chosen with no ascenders and descenders (neutral),
F (3, 192) = 8.308, p < 0.001, η2 = 0.115 and with ascenders and decenders (hybrid),
F (3, 192) = 2.972, p = 0.033, η2 = 0.044
6.2.3 Tag Clouds Present Display type
Size ratio judgments for the displays with a tag cloud present were submitted to a
3x4x4 repeated measures ANOVA, including 3 types of appearance (no ascenders and
descenders, narrow-wide letters, ascenders and descenders), 4 types of decorations (no
decoration, boxes, filled areas and shadow), and 4 font sizes for the target word of
the comparison pair (18, 24, 30, 36).
6.2.3.1 The Effect of Appearance
The main effect of appearance was statistically significant, F (2, 128) = 45.674, p <
0.001, η2 = 0.416. In order to further understand the effect of appearance, separate
2x4x4 repeated measures ANOVAs were conducted where every time 2 levels of the
appearance factor were picked. The main effect of appearance was significant when no
ascenders and descenders and narrow vs. wide factors were picked, F (1, 64) = 53.378,
p < 0.001, η2 = 0.445. This indicates that the mean size ratio judgment of narrow vs.
wide (M = 3.572) was significantly larger than the mean size ratio judgment of no
ascenders and descenders (M = 3.211). Furthermore, the main effect of appearance
was significant when ascenders and descenders and narrow vs. wide were chosen,
F (1, 64) = 53.708, p < 0.001, η2 = 0.456. This indicates that the mean size ratio
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judgment of narrow vs. wide (M = 3.572) was significantly larger than the mean size
ratio judgment of ascenders and descenders (M = 3.233).
6.2.3.2 The Effect of Size
The main effect of size was significant, F (3, 192) = 285.501, p < 0.001, η2 = 0.817.
For further understanding of the effect of size, separate 3x4x2 repeated measures
ANOVAs were conducted where each time 2 levels of the size independent variable
were picked. When picking the relative typefaces 12 vs. 18 (M = 2.149) and 12 vs.
24 (M = 2.785), the main effect of size was statistically significant, F (1, 64) = 154.4,
p < 0.001, η2 = 0.707. The main effect of size was also statistically significant
when picking relative typefaces 12 vs. 18 (M = 2.149) and 12 vs. 30 (M = 3.583),
F (1, 64) = 292.483, p < 0.001, η2 = 0.820. Likewise, the main effect was statistically
significant when picking relative typefaces 12 vs. 18 (M = 2.149) and 12 vs. 36,
F (1, 64) = 392.929, p < 0.001, η2 = 0.860. Picking the relative typeface sizes 12 vs.
24 (M = 2.785) and 12 vs. 30 (M = 3.583) revealed that the main effect of size
was statistically significant, F (1, 64) = 269.074, p < 0.001, η2 = 0.808. Picking the
relative sizes 12 vs. 24 (M = 2.785) and 12 vs. 36 (M = 4.306) also showed that
the main effect of size was statistically significant, F (1, 64) = 389.704, p < 0.001,
η2 = 0.859. Finally, picking the relative sizes 12 vs. 30 and 12 vs. 36 (M =
4.306) revealed that the main effect of size was statistically significant, F (1, 64) =
247.246, p < 0.001, η2 = 0.749. All these post-hoc tests indicate that there are
statistically significant differences in the typeface size ratio judgment for each two
relative typefaces used in this experiment. Figure 32 shows that overall participants
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started having nearly correct judgment and then they were under-judging the ratio
size and that under-judgment was increasing as the target word gets bigger in size.
The empirical results (Figures 31 and 32) demonstrate general under-perception
of typeface size ratio judgment, but as the size of the target word approaches the size of
the anchor word, the typeface size ratio judgment gets closer to the correct size ratio
squared. In addition, the mean typeface size ratio judgments look linear. The fact
that the data is not upward curving like the actual stimuli size ratio squared values
indicates that participants were most likely weighting a single width dimension more
than the less perceptually salient height dimension, and less than the product of the 2
dimensions (i.e., the 2D size).
6.2.3.3 The Interaction Effect (Appearance x Size)
The interaction between appearance and size was also significant, F (6, 384) =
2.286, p = 0.035, η2 = 0.034 when ascenders and descenders and narrow vs. wide
were chosen, F (3, 192) = 3.485, p < 0.017, η2 = 0.052. In order to explore the effect of
the appearance at each relative typeface size, separate post-hoc tests were conducted
(2x4 ANOVAs where each time 2 levels of appearance factor are picked along with 4
levels of decoration factor at specific relative size). Post-hoc tests indicated that the
main effect of the appearance was always significant at each of the 4 relative sizes
when the two levels of appearance ’no ascenders and descenders’ and ’narrow vs.
wide’ were chosen. The main effect of appearance was also significant when choosing
the ’narrow vs. wide’ and ’ascenders and descenders’ at each of the 4 relative sizes.
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6.2.3.4 The Interaction Effect (Decoration x Size)
The interaction between decoration and size was likewise significant, F (9, 576) =
2.197, p = 0.021, η2 = 0.033 (See Figure 33 B) which was not the case in the tag
cloud absent display type. Looking at Figure 33, there was a notable divergence
between the values of the decoration factor at the relative sizes 12 vs. 18 and 12 vs.
24.
Table 5: Mean values of the decoration for tag cloud present display types
Decoration Relative Size Mean Size Ratio Judgment
No Decoration
12 vs. 18 2.207 2.25
12 vs. 24 2.819 4
12 vs. 30 3.704 6.25
12 vs. 36 4.465 9
Boxes
12 vs. 18 2.298 2.25
12 vs. 24 3.009 4
12 vs. 30 3.683 6.25
12 vs. 36 4.488 9
Filled Areas
12 vs. 18 2.285 2.25
12 vs. 24 3.005 4
12 vs. 30 3.7 6.25
12 vs. 36 4.426 9
Shadow
12 vs. 18 2.182 2.25
12 vs. 24 2.925 4
12 vs. 30 3.722 6.25
12 vs. 36 4.507 9
Separate 3x2x4 repeated measures ANOVAs where conducted where each time the
three levels of appearance factor and 2 levels of decoration were picked at relative
sizes 12 vs. 18 and 12 vs. 24. The main effect of decoration was significant when no
decoration (M = 2.819) and boxes (M = 3.009) were chosen at relative size 12 vs. 24,
F (1, 64) = 10.052, p = 0.002, η2 = 0.136. In addition, the main effect of decoration
was significant when no decoration (M = 2.819) and filled (M = 3.005) were chosen
at relative size 12 vs. 24, F (1, 64) = 8.904, p = 0.004, η2 = 0.122. The main effect
of decoration was also significant when boxes (M = 2.298) and shadow (M = 2.182)
were chosen at relative size 12 vs. 18, F (1, 64) = 5.814, p = 0.019, η2 = 0.083. In
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addition, the main effect of decoration was significant when filled (M = 2.285) and
shadow (M = 2.182) were chosen at the relative size 12 vs. 18, F (1, 64) = 5.673,
p = 0.02, η2 = 0.081.
6.2.3.5 The Interaction Effect (Appearance x Decoration x Size)
The interaction appearance x decoration x size was significant, F (18, 1152) = 1.766,
p = 0.025, η2 = 0.027. In order to understand this interaction, it was broken into four
3x4 repeated measures ANOVAs at each level of the decoration independent variable
(Figures 34, 35, 36 and 37). This clearly shows that participants were over-judging
the typeface size ratio when viewing pairs of words that vary in the width of the
letters.
6.2.4 One Sample T-Tests
One sample t-tests are used to compare the mean of a sample to a particular value.
The purpose of conducting the t-tests in the present experiment was to compare the
mean size ratio judgment at each relative size for all the participants with the value
of the typeface ratio squared at that particular size. The typeface size ratio squared
at each particular size was calculated by dividing the target word typeface size by
the anchor word typeface size and squaring the result. The reason why the typeface
ratio squared was chosen is because when doubling the size of the letter, both the
height and width of that letter are doubled. The mean size ratio judgment at each
relative size was compared to typeface ratio squared at that particular size for both
tag cloud present and tag cloud absent displays. One sample t-tests revealed that
at relative size 12 vs. 30 the mean typeface size ratio judgment was not statistically
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significant than the typeface size ratio squared at that particular size, (2.25) for tag
absent (M = 2.15) and tag present (M = 2.243) display types. For the rest of the
relative typefaces used in the present experiment (12 vs. 24, 12. vs. 30 and 12. vs.
36), comparing the mean size ratio judgment of participants for each relative typeface
with the typeface ratio squared for that particular size always revealed statistically
significant effects. For the tag cloud absent display type, one sample t-tests indicated
that the relative typeface size ratio judgments of sizes 12 vs. 24 (M = 2.785), 12 vs. 30
(M = 3.583) and 12 vs. 36 (M = 4.306) were significantly lower than the typeface size
ratio squared at these particular sizes (4, 6.25, and 9), (t(64) = −12.472, p < 0.001),
(t(64) = −22.881, p < 0.001) and (t(64) = −37.105, p < 0.001) respectively. For
the tag cloud present display type, one sample t-tests indicated that the relative
typeface size ratio judgments of sizes 12 vs. 24 (M = 2.9394), 12 vs. 30 (M = 3.702)
and 12 vs. 36 (M = 4.4712) were significantly lower than the typeface size ratio
squared at these particular sizes (4, 6.25, and 9), (t(64) = −10.730, p < 0.001),
(t(64) = −21.741, p < 0.001) and (t(64) = −34.645, p < 0.001) respectively. Figure
38 shows the interaction between the display type and relative size and from the
figure, it is noticeable that at the relative size 12 vs. 18, the overall judgment was
very close to size ratio squared while the divergence gets bigger as the relative size
increases.
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(A) Tag cloud absent display type
(B) Tag cloud present display type
Figure 30: The interaction between appearance and size in tag cloud absent and tag
cloud present display types. Participants were greatly influenced by varying the width
of the letters in the target pair. There was also a minor influence of ascenders and
descenders in the tag cloud absent display type at relative size 12 vs. 36 and this was
dissipated when the tag cloud was added
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Figure 31: Relative mean size ratio judgment for the tag cloud absent display type
as a function of target word typeface. The blue line is the typeface ratio squared
for relative sizes used in this present experiment. The figure clearly shows that the
typeface size ratio judgment gets closer to typeface size ratio squared as the size of
the target word gets closer to the size of the anchor word
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Figure 32: Relative mean size ratio judgment for the tag cloud present display type
as a function of target word typeface. The blue line is the typeface ratio squared
for relative sizes used in this present experiment. The figure shows that the mean
typeface size ratio under-judgment increases as the target word size is increased
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(A) Tag Cloud Absent Display Type
(B) Tag Cloud Present Display Type
Figure 33: The interaction between decoration and size independent variables for the
tag cloud absent and tag cloud present display types. Significant minor influences
were found
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Figure 34: The interaction between appearance and size independent variables for
the tag cloud present display type and the no decoration group
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Figure 35: The interaction between appearance and size independent variables for
the tag cloud present display type and the boxes group
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Figure 36: The interaction between appearance and size independent variables for
the tag cloud present display type and the filled areas group
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Figure 37: The interaction between appearance and size independent variables for
the tag cloud present display type and the shadows group
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Figure 38: The interaction between display type and relative size. The mean typeface
size ratio judgment for tag cloud absent and tag cloud present display types are
represented by green and orange lines, respectively. The blue line is the typeface
ratio squared size for relative sizes used in this present experiment
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Figure 39: Tag cloud of chapter 6 generated by www.tagcrowd.com
CHAPTER 7: EXPERIMENT 2: THE INFLUENCE OF TYPEFACE AND
LOCATION ON JUDGMENT OF RELATIVE SIZE
The writer operates at a peculiar crossroads
where time and place and eternity somehow
meet. His problem is to find that location
— Flannery O’Connor
This study is an extension to the previous study towards better understanding of
users’ perception of size ratio judgment in tag clouds. The focus on this study is on
the perception of size ratio judgment given the typeface style (e.g. regular vs. bold)
and the location of the words in a tag cloud (e.g. upper-left vs. upper-right). In
addition, because the general under-judgment in experiment 1 might be due to an
anchoring effect and because the anchor word used was of size 12 pt., the decision
was to increase the size of the target word to 18 pt.
Along the typeface size, the typeface style is one of the most influential characteristics
that captures the attention of the viewer in a tag cloud [15]. In addition, tag cloud
designers control the locations of the words. The location of the tags in a tag cloud
received attention in research [15, 73, 78, 94]. In this experiment, participants are
asked to judge the typeface size ratio of a target pair. The target pair consists of two
nonsense words obtained from [3] on Dec 4, 2012. The purpose of choosing nonsense
words is to make sure that participants are focused on the relative sizes of the words
themselves and not on the semantics of the words. The smaller word in the target
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pair is called the anchor word and the bigger word is called the target word.
7.1 Method
7.1.1 Participants
Data for this study was collected from 78 participants of UNC Charlotte students.
Participants performed the experiment in the lab and they were informed that the
one who performed the most accurately would be awarded a $25 Starbucks gift
card. The purpose of that was to bring participants into focus on the task they
were doing instead of putting random answers. Two of the participants entered
the same answer for each question and thus, they were removed from the pool of
participants. Two other participants reported that they did put random responses
and thus, their responses were removed and not included in the analysis for the study,
as well. The rest of the participants were 50 males and 24 females. Participants were
only asked about their age and gender. Providing email was optional so that to reach
a participant in case he wins. Two participants did not report their ages. The ages
of the rest of 72 participants ranged from 18 to 50 with an average of 22.35 years
old. Participants reported having 20/20 perfect or corrected to perfect vision besides
being able to communicate comfortably in written English.
7.1.2 Materials
Each participant viewed 96 screens each of which had a question asking him to
choose by how much one word (target word) is bigger than another word (anchor
word). The smaller word (anchor word) was always presented in 18 pt., while the
bigger word (target word) varied in size: 24, 30 and 36. Target pairs of words in this
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experiment exist in a display of a tag cloud and not just by themselves on the screen.
The design involves a manipulation of 4 independent variables (IVs) and 2 control
variables (CVs), as follows:
• Typeface style. Half of the trials had words in a tag cloud in a regular typeface,
while the rest of the trials had words in a bold typeface. All the words in the
tag cloud have the same typeface style manipulation as the target pair. Figure
40 shows two screen shots where the typeface style was manipulated
Example of the first level of type IV:
Regular Typeface
Example of the second level of type IV:
Bold Typeface
tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
dealizer
citounst
tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
dealizer
citounst
Figure 40: An example of a tag cloud where typeface style IV is manipulated. The
left tag cloud has words in a regular typeface while the right tag cloud has words with
bold typeface
• Horizontal. The location of the target pair was varied between the left and right
portions of the tag cloud. Figure 41 provides an example of two tag clouds used
in the experiment where the horizontal independent variable was manipulated
• Vertical. The location of the target pair varied between the upper and lower
portions of the tag cloud. Figure 42 is an example of two tag clouds used in
this experiment where the vertical independent variable was manipulated
• Manipulating the relative size of target pairs used in the experiment. The
smaller word was always 18 pt. The larger word of the pair did vary in size:
76
Example of the first level of horizontal IV:
Anchor and target words to the left
Example of the second level of horizontal IV: 
Anchor and target words to the right
tempor inceptosvolutpat ultricies condimentum
tellus urnaorci varius congue
placerat egetsollicitudin cursus
egestas
tincidunt
aliquant
hendrerit nunc
mauris puruspretium ullamcorper
libero sed habitantquis scelerisque risus
mattis lacus sapieneuismod
vitae
ligula
augue eleifend feugiatquisque dignissim
dealizer
citounst
tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
dealizer
citounst
Figure 41: An example of two tag clouds where the horizontal IV is manipulated. In
the left tag cloud, the target pair is located in the left part of the tag cloud while in
the right tag cloud the target pair is located in the right portion of the tag cloud
Example of the first level of vertical IV:
Anchor and target words at the top
Example of the second level of vertical IV: 
Anchor and target words at the bottom
tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
dealizer
citounst
tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
dealizer
citounst
Figure 42: An example of two tag clouds used in this experiment where the vertical
IV was manipulated. In the left tag cloud, the words in the tag cloud including the
target pair were located in the upper part of the tag cloud while in the right tag
cloud, the words in the tag cloud including the target pair were located in the lower
part of the tag cloud
24, 30 and 36 pt. Figure 43 shows the relative typeface sizes used in this
experiment.
In this experiment, there were two control variables (CVs):
• Changing the pair of words used in the experiment. In this experiment, two
pairs of words were chosen:
First pair: dealizer (smaller word) vs. citounst
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adring (24 pt)
adring (30 pt)
adring (36 pt)
dealizer (18 pt)
citounst (24 pt)
citounst (30 pt)
citounst (36 pt)
jarved (18 pt) vs
.
vs
.
Figure 43: Typeface sizes used in the present experiment. The smaller word in the
target pair always comes in size 18. The bigger word varies in size: 24, 30 and 36
Second pair: jarved (smaller word) vs. adring
The two pairs were originally taken from from [3]. Figure 45 is an example of
two screen shots where the pair of words is manipulated.
• Swapping the locations of the pair of words to be compared (Example: Figure
46)
The 4 independent variables and the 2 control variables were manipulated to create
96 pairs of words where each pair was in a tag cloud. The dependent variable was
the size ratio judgment for the target pair of words in a tag cloud.
Words in the tag cloud (excluding the target pair) varied in their frequency. The
frequency of the size of the words in the tag cloud is as in Table 6.
The two target pairs of words were selected according to the following criteria:
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Independent 
Variables
Typeface 
Style
Horizontal Vertical
Relative 
Size
Regular
Bold
RightLeft LowerUpper
18 vs. 30
18 vs. 24 18 vs. 36
Figure 44: Independent variables in experiment 2
Table 6: The frequency of Lorem Ipsum words in the tag cloud
Typeface Size Frequency
Typeface 12 pt. 17 times
Typeface 18 pt. 11 times
Typeface 24 pt. 6 times
Typeface 30 pt. 4 times
Typeface 36 pt. 2 times
(a) In each pair, the two words must have the same total number of ascenders and
descenders.
(b) In each pair, the two words must have roughly the same width when they are
at the same size and when variable width font is used. For example, the two words
in each target pair have almost the same width (Example: Figure 47)
(c) In each pair, the two words much have the same number of letters. For example,
the two words dealizer and citounst have 8 letters each.
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First Level Example:
jarved (anchor) vs. adring (target)
Second Level Example: 
dealizer (anchor) vs. citounst (target)
tempor inceptosvolutpat ultricies condimentum
tellus urnaorci varius congue
placerat egetsollicitudin cursus
egestas
tincidunt
aliquant
hendrerit nunc
mauris puruspretium ullamcorper
libero sed habitantquis scelerisque risus
mattis lacus sapieneuismod
vitae
ligula
augue eleifend feugiatquisque dignissim
jarved
adring
tempor inceptosvolutpat ultricies condimentum
tellus urnaorci varius congue
placerat egetsollicitudin cursus
egestas
tincidunt
aliquant
hendrerit nunc
mauris puruspretium ullamcorper
libero sed habitantquis scelerisque risus
mattis lacus sapieneuismod
vitae
ligula
augue eleifend feugiatquisque dignissim
dealizer
citounst
Figure 45: An example of manipulating pair of words CV used in the present
experiment. In the left tag cloud the first pair of words (jarved vs. adring) was
used while in the right tag cloud, the second pair of words was used (dealizer vs.
citounst)
The rest of the words in the tag cloud are taken from Lorem Ipsum, that is a
modified piece of Latin text commonly used as filler in layout designs. Latin text
is assumed to be unfamiliar to the vast majority of readers, while still retaining
roughly the word lengths and letter frequencies found in English. The reason to
choose non-sense words and a Latin text is to eliminate the effect of the semantics
since the interest is in how users perceive the size of the words in tag cloud without
including any semantic effect. The resolution of the screen was 800x600 pixels.
Because changing the words in the neighborhood of the target pair might add a
bias to the judgment, mirroring was performed, the purpose of which was to retain
the words in the neighborhood of the target pair to avoid any bias in the perception.
Mirroring was performed as follows:
First, dividing the tag cloud into 4 quadrants where there was a number of words in
each quadrant and where the target and anchor words were located in one quadrant.
The four quadrants were: Upper Left (UL), Upper Right (UR), Lower Left (LL),
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tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
jarved
adring
tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
jarved
adring
Example of the first type of location CV:
Anchor word (jarved) at the top
Example of the second type of location CV: 
Anchor word (jarved) at the bottom
Figure 46: An example showing the manipulation of the locations of the target pair.
In one manipulation (left screen) the smaller word (anchor word) is at the top while
the other word is at the bottom. In the screen to the right, the locations of words are
swapped where the anchor word is at the bottom and the target word is at the top
citounst
jarved
adring
dealizer
(A) (B)
Figure 47: The target pairs chosen in experiment 2: the two words in each pair
have the same number of letters, they have the same total number of ascenders and
descenders and when they have the same length, their width is roughly the same
Lower Right (LR) (Figure 48). Second, varying the location of the word pairs by
quadrant in the tag cloud. Figure 49 shows how the contents of the quadrants in a
tag cloud change as the horizontal and vertical IVs are manipulated. Figure 50 is an
example of how a tag cloud looks like as the vertical and horizontal locations of the
target and anchor words are manipulated.
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Upper Right
(UR)
Upper Left
(UL)
Lower Left
(LL)
Lower Right
(LR)
Figure 48: Quadrants in a tag cloud. The lines are invisible (imaginary) and they
don’t appear in the design
Each relative typeface size ratio judgment at each particular relative size was
compared with the typeface size ratio squared at that particular relative size. For
example, the relative typeface size ratio at relative size 18 vs. 24 was compared with
the typeface size ratio squared at that relative size which is 1.778 ((24/28)2 = 1.778).
The reason why this measurement was chosen is because when the typeface size gets
doubled, both the height and width are doubled. This measurement is close to the
area of the tag, which is defined as the minimal box around the word [14].
7.1.3 Procedure
In the present experiment, participants first completed an informed consent. After
that, a participant was asked to review the experiment instructions where there was
one example on how to perform a trial. After the participant agreed that he read
an understood the instructions, the experiment started where the participant saw 96
displays presented in a random order. Each one of the displays was a trial. In each
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1 2
3 4
2 1
4 3
3 4
1 2
4 3
2 1
Horizontal = Left
Vertical = Upper
Horizontal = Right
Vertical = Upper
Horizontal = Left
Vertical = Lower
Horizontal = Right
Vertical = Lower
Anchor & 
Target words
Anchor & 
Target words
Anchor & 
Target words
Anchor & 
Target words
Figure 49: Changing vertical and horizontal locations of anchor and target words in a
tag cloud. Every time the horizontal and vertical IV were manipulated, blocks change
their location within a tag cloud.
trial, the participant was asked how much bigger one word to another. For each trial,
the participant would choose an answer from a continuous scale that runs from 1 to
6 and hit OK to go to the next trial. Both the numeric and time responses (to the
nearest tenth) were recorded. The screen stayed visible till the participant recorded
an answer and then a new display followed immediately.
7.2 Results and Discussion
Before conducting statistical analysis, words that have the same typeface style,
horizontal, vertical and relative size IVs were averaged and the average constituted
the dependent variable. The average size ratio judgments were submitted to a 2
typeface style (regular vs. bold) by 2 horizontal location (left vs. right) by 2 vertical
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tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
jarved
adring
tempor inceptosvolutpat ultricies condimentum
tellus urnaorci varius congue
placerat egetsollicitudin cursus
egestas
tincidunt
aliquant
hendrerit nunc
mauris puruspretium ullamcorper
libero sed habitantquis scelerisque risus
mattis lacus sapieneuismod
vitae
ligula
augue eleifend feugiatquisque dignissim
jarved
adring
tempor inceptos volutpat ultricies condimentum
tellus urna orci varius congue
placerat eget sollicitudin cursus
egestas
tincidunt
aliquant
hendreritnunc
mauris purus pretium ullamcorper
libero sed habitant quis scelerisque risus
mattis lacus sapien euismod
vitae
ligula
augue eleifend feugiat quisque dignissim
jarved
adring
tempor inceptosvolutpat ultricies condimentum
tellus urnaorci varius congue
placerat egetsollicitudin cursus
egestas
tincidunt
aliquant
hendrerit nunc
mauris puruspretium ullamcorper
libero sed habitantquis scelerisque risus
mattis lacus sapieneuismod
vitae
ligula
augue eleifend feugiatquisque dignissim
jarved
adring
(A)
(D)
(B)
(C)
Figure 50: An example of how a tag cloud looks like after the vertical and horizontal
IVs of the target pair are manipulated. All lines in the figure are imaginary and they
don’t show in the actual tag cloud
location (upper vs. lower) by 3 relative sizes (18 vs. 24, 18 vs. 30 and 18 vs. 36)
repeated measures ANOVA. All the effects were reported as significant at p < 0.05.
7.2.1 The Effect of Typeface Style
The main effect of typeface style was significant, F (1, 73) = 9.294, p = 0.003,
η2 = 0.113, indicating that the mean size ratio judgment for target pairs in bold
typeface (M = 2.828) was significantly larger than the mean size ratio judgment for
the target pairs in regular typeface (M = 2.772). That result agrees with the finding
of Bateman, et al that boldness had a strong visual effect in capturing the attention
of the viewer.
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7.2.2 The Effect of Size
The main effect of size was significant, F (2, 146) = 141.964, p < 0.001, η2 = 0.780.
Figure 51 shows the participants’ judgment of the three relative sizes used in the
experiment. Conducting some post-hoc tests of 2x2x2x2 repeated measures ANOVAs
where each time two levels of size IV were picked revealed that the main effect of
size was significant in all cases which indicates the strength of size IV in capturing
the attention of the viewers. Mean size ratio judgment at relative size of 18 vs. 36
(M = 3.519) was significantly larger than mean size ratio judgment at relative size 18
vs. 30 (M = 2.836), F (1, 73) = 191.463, p < 0.001, η2 = 0.724, and also significantly
larger than mean size ratio judgment at relative size 18 vs. 24(M = 2.045), F (1, 73) =
273.888, p < 0.001, η2 = 0.790. Furthermore, mean size ratio judgment at relative size
of 18 vs. 30 (M = 2.836) was significantly larger than the mean size ratio judgment
at relative size 18 vs. 24 (M = 2.045), F (1, 73) = 185.52, p < 0.001, η2 = 0.792. This
finding confirms the findings of Bateman, et al that size is the strongest feature that
captures the attention of the viewers of a tag cloud.
7.2.3 The Interaction Effect (Horizontal x Size)
The interaction between horizontal and size was significant, F (2, 146) = 4.783,
p = 0.010, η2 = 0.061 (Figure 52). Figure 52 indicates that the mean size ratio
judgment of the target pair is higher in the right portion of the tag cloud for relative
size 18 vs. 24, while the mean size ratio judgment of the target pair is higher in the
left portion of the tag cloud for relative sizes 18 vs. 30 and 18 vs. 36. Post hoc
tests (2x2x2 repeated measures ANOVAs where each time 2 levels of the size IV were
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Figure 51: The interaction between the typeface style and relative size. The green and
orange lines represent the mean size ratio judgments for bold and regular typefaces,
respectively. The blue line is the typeface ratio squared: (24/18)2 = 1.778 for relative
size 18 vs. 24, (30/18)2 = 2.778 for relative size 18 vs. 30 and (36/18)2 = 4 for
relative size 18 vs. 36.
picked) revealed that the main effect of horizontal IV was statistically significant at
relative size 18 vs. 36, F (1, 73) = 6.806, p = 0.011, η2 = 0.085. That indicates
that mean size ratio judgment of the target pair in the left portion of the tag cloud
(M = 3.555) is larger than the mean size ratio judgment of the target pair in the
right portion of the tag cloud (M = 3.484) for the relative size 18 vs. 36. Table 7
shows the mean size ratio judgment at the horizontal and size interaction.
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Table 7: The interaction between horizontal and size
Horizontal Relative Size Mean Typeface Ratio Squared
Left
18 vs. 24 2.022 1.778
18 vs. 30 2.856 2.778
18 vs. 36 3.555 4
Right
18 vs. 24 2.067 1.778
18 vs. 30 2.817 2.778
18 vs. 36 3.384 4
7.2.4 The Interaction Effect (Vertical x Size)
There was also a significant interaction between vertical and size, F (2, 146) =
4.755, p = 0.010, η2 = 0.061 (Figure 53). In order to understand the effect, the
levels of vertical (upper and lower) were compared with each other at each size, thus
conducting separate repeated measures ANOVAs 2x2x2 (typeface style x horizontal x
vertical) at each level of size independent variable. Mean size ratio judgment for the
lower part (M = 3.555) was significantly higher than the mean size ratio judgment
for the upper part (M = 3.484) at relative size 18 vs. 36, F (1, 73) = 6.103, p = 0.016,
η2 = 0.077.
7.2.5 The Interaction Effect (Typeface Style x Horizontal x Size)
The interaction between typeface style, horizontal and size was significant, F (2, 146) =
4.818, p = 0.009, η2 = 0.062. In order to understand this interaction, it was
broken into two interactions at each level of typeface style IV. For each of these
two interactions, a 2x2x3 (horizontal x vertical x size) repeated measures ANOVA
was conducted at each level of the typeface style. For the regular typeface style, the
interaction between horizontal and size was statistically significant, F (2, 146) = 4.2,
p = 0.017, η2 = 0.054 (Figure 54 A). For the bold typeface, the interaction between
horizontal and size was statistically significant, F (2, 146) = 5.411, p = 0.005, η2 =
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0.069 (Figure 54 B). The interactions in Figure 54 indicate that for the regular
typeface, the mean typeface size ratio judgment for target pairs located in the left
and right portions in the tag cloud tend to be almost the same at relative size 18
vs. 24 and 18 vs. 30 while there is a notable divergence at relative size 18 vs.
36. However, for the bold typeface, the horizontal and size interaction is mostly the
opposite: while there is a notable divergence between mean size ratio judgment for
target pairs located in the left and right portions of the tag cloud at relative sizes 18
vs. 24 and 18 vs. 30, the mean size ratio judgment for pairs located in left and right
portions of the tag cloud is almost identical at relative size 18 vs. 36.
7.2.6 The Interaction Effect (Typeface Style x Horizontal x Vertical x Size)
The interaction between typeface style, horizontal, vertical and size was significant,
F (2, 146) = 3.38, p = 0.037, η2 = 0.044. In order to analyze the 4-way interaction, two
3-way interactions of three independent variables at each level of the forth independent
variable were conducted. Type, Horizontal and Size IVs were analyzed at each level
of the Vertical IV. Then each of the 3-way interactions was analyzed as two 2-way
interactions at each level of the third IV. So, for the first time, the vertical IV was
picked and the 4-way interaction was divided into two 3-way interactions at each
vertical IV. Then, for each of the 3-way interactions, typeface style was picked and
the horizontal and size interaction were analyzed at each typeface style IV. That
resulted in four 2-way interactions. The interactions are in Figures 55, 56, 57, 58.
For the purpose of clarity, they are called: upper-regular (Figure 55), upper-bold
(Figure 56), lower-regular (Figure 57), and lower-bold (Figure 58). For the
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upper-regular, the interaction between horizontal and size was not significant, while
for the upper-bold, the interaction between the horizontal and size was significant,
F (2, 146) = 6.296, p = 0.002, η2 = 0.079 (Figure 56). For the upper-bold part
(Figure 56), separate paired samples t-tests between size ratio judgment of target
pairs in the left and right portions in the tag cloud were conducted at each relative
size: A paired samples t-test revealed a statistically significant difference between the
mean size ratio judgment of target pair in the right part (M = 2.141) and left part
(M = 1.988), t(73) = −3.497, p = 0.001 for bold typeface style in the upper portion
of the tag cloud at relative size 18 vs. 24.
For the lower-regular part, the interaction between horizontal and size was significant,
F (2, 146) = 3.386, p = 0.037, η2 = 0.044 (Figure 57). However, the interaction
between horizontal and size was not significant in the lower-bold part (Figure 58).
Looking at the mean size ratio judgment of target pairs in the lower-regular part
(Figure 57), there is a notable divergence when participants judge target pairs at both
right and left parts of the tag cloud at relative size 18 vs. 36. A paired samples t-test
revealed a statistically significant difference between the mean size ratio judgment of
target pair in the right part (M = 3.414) and left part (M = 3.575) at the relative
size 18 vs. 36, t(73) = 2.712, p = 0.008 for target pairs that appear in the lower part
of the tag cloud and in regular typeface.
7.2.7 One Sample T-Tests
One sample t-tests are used to compare the mean of a sample to a particular value.
In the present experiment, three t-tests to compare the size ratio judgment at each
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relative size for all the participants with the value of typeface ratio squared at that
particular size were conducted. For the relative typeface 18 vs. 24, on average,
size ratio judgment of participants (M = 2.0445) was significantly larger than the
typeface ratio squared at that particular size (1.778), t(73) = 3.912, p < 0.001. In
addition, for the relative typeface 18 vs. 36, on average, the size ratio judgment of
participants (M = 3.5191) was significantly lower than the typeface ratio squared
(4). At relative size 18 vs. 30, the one sample t-test revealed that the mean typeface
size ratio judgment was not statistically significant than the typeface ratio squared
at that particular size, (2).
7.2.8 Paired Sample T-Tests
A paired sample t-test is used to determine whether the difference between the
mean values of two conditions measured in the same way is significant. In the present
experiment, separate paired sample t-tests between the mean values of typeface
size ratio judgment of each two quadrants of the tag cloud (upper-left, upper-right,
lower-left and lower-right) were conducted. Paired sample t-tests indicated that the
mean typeface size ratio judgment of target pairs in the lower-left portion of the
tag cloud (M = 2.828) was significantly different than the mean typeface size ratio
judgment of target pairs in the upper-right portion of the tag cloud (M = 2.781),
t(73) = 2.163, p = 0.034.
Separate paired sample t-tests were also conducted in order to understand if there
were significant differences between the mean values of typeface size ratio judgment
between each two quadrants at each relative typeface size (18 vs. 24, 18 vs. 30 and
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18 vs. 36). These tests revealed that at relative size 18 vs. 24, the mean value of
typeface size ratio judgment of target pairs in the upper-left portion in the tag cloud
(M = 2.001) was significantly different than the mean value of typeface size ratio
judgment of target pairs in the lower-right portion of the tag cloud (M = 2.073),
t(73) = 2.701, p = 0.009. Furthermore, at relative size 18 vs. 36, and the mean
value of typeface size ratio judgment of target pairs in the upper-left portion of
the tag cloud (M = 3.517) and the mean value of typeface size ratio judgment of
target pairs in the lower-left portion in the tag cloud (M = 3.592) were significantly
different, t(73) = 2.241, p = 0.028. In addition, at relative size 18 vs. 36, the means
values of typeface size ratio judgment of target pairs at both lower-left (M = 3.592)
and upper-right (M = 3.45) portions of the tag cloud were significantly different,
t(73) = 3.733, p < 0.001. Figure 59 shows the significant differences between mean
values of typeface size ratio judgment in different quadrants.
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Figure 52: The interaction between horizontal and relative size IVs. The levels of the
horizontal IV (left and right) are represented by orange and green lines, respectively.
The blue line is the typeface ratio squared: (24/18)2 = 1.778 for relative size 18 vs.
24, (30/18)2 = 2.778 for relative size 18 vs. 30 and (36/18)2 = 4 for relative size 18
vs. 36
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Figure 53: The interaction between vertical and relative size. The two levels of vertical
IV are represented by two lines: green (upper part) and orange (lower part). The blue
line represents the typeface ratio squared at each relative size. The blue line is the
typeface ratio squared: (24/18)2 = 1.778 for relative size 18 vs. 24, (30/18)2 = 2.778
for relative size 18 vs. 30 and (36/18)2 = 4 for relative size 18 vs. 36
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(A) Regular typeface style
(B) Bold typeface style
Figure 54: The interaction between horizontal and size IVs for regular and bold
typeface styles. The blue line is the typeface ratio squared: (24/18)2 = 1.778 for
relative size 18 vs. 24, (30/18)2 = 2.778 for relative size 18 vs. 30 and (36/18)2 = 4
for relative size 18 vs. 36. The mean size ratio judgments of the relative typeface sizes
are in green and orange colors for left and right portions of the tag cloud, respectively
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Figure 55: The interaction between horizontal and size IVs in the upper part of the tag
cloud for regular typeface. The blue line is the typeface ratio squared: (24/18)2 =
1.778 for relative size 18 vs. 24, (30/18)2 = 2.778 for relative size 18 vs. 30 and
(36/18)2 = 4 for relative size 18 vs. 36. The mean size ratio judgments of the relative
typeface sizes are in both green and orange colors for left and right portions of the
tag cloud, respectively
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Figure 56: The interaction between horizontal and size IVs in the upper part of the tag
cloud for bold typeface. The blue line is the typeface ratio squared: (24/18)2 = 1.778
for relative size 18 vs. 24, (30/18)2 = 2.778 for relative size 18 vs. 30 and (36/18)2 = 4
for relative size 18 vs. 36. The mean size ratio judgments of the relative typeface
sizes are in both green and orange colors for the left and right portions of the tag
cloud, respectively
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Figure 57: The interaction between horizontal and size IVs in the lower part of the tag
cloud for regular typeface. The blue line is the typeface ratio squared: (24/18)2 =
1.778 for relative size 18 vs. 24, (30/18)2 = 2.778 for relative size 18 vs. 30 and
(36/18)2 = 4 for relative size 18 vs. 36. The mean size ratio judgments of the relative
typeface sizes are in both green and orange colors for the left and right portions of
the tag cloud, respectively
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Figure 58: The interaction between horizontal and size IVs in the lower part of the tag
cloud for bold typeface. The blue line is the typeface ratio squared: (24/18)2 = 1.778
for relative size 18 vs. 24, (30/18)2 = 2.778 for relative size 18 vs. 30 and (36/18)2 = 4
for relative size 18 vs. 36. The mean size ratio judgments of the relative typeface
sizes are in both green and orange colors for the left and right portions of the tag
cloud, respectively
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Figure 59: Significant difference between mean values of typeface size ratio judgment
in different quadrants. The two highlighted quadrants in (A), (B), (C) and (D)
indicate that the means of typeface size ratio judgment of target pairs in these
quadrants are statistically different
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Figure 60: Tag cloud of chapter 7 generated by www.tagcrowd.com
CHAPTER 8: GENERAL DISCUSSION
Freedom is hammered out on the anvil of
discussion, dissent, and debate
— Hubert H. Humphrey
The empirical results of experiment 1 showed that there was a small main effect
of display type where the target pair was judged a bit larger when the tag cloud
was present, thus ameliorating the general under-judgment of the size ratio to a
small extent. This confirms H2. There was only a single small interaction effect
that included display type, so the pattern of size ratio judgment across the cells of
the experimental design was qualitatively similar with tag clouds present and absent
display types. The overall under-judgment in experiment 1 was strongly modulated
by target word size (Figures 31 and 32). As the target word size was increased the
under-judgment of the size ratio became larger. In addition, it was noticeable that
the mean size ratio judgment was nearly veridical for the 18 pt. target words. The
substantial under-judgment effect may have been due, at least in part to an anchoring
effect [47] due to using a relatively small anchor word (12 pt.) in this experiment.
To adjust for this possibility, a larger anchor word size for experiment 2 was chosen.
In addition, in experiment 1, most participants started out having nearly correct
judgment and then they began under-judging the ratio size and that under-judgment
increased as the target word got bigger in size (Figure 31 and 32). The fan-out from
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left to right on the graph, where the data of overall size ratio judgment and actual
size ratio lines diverge indicates increasing perceptual bias as the size of the target
word is increased. The linearity of the data in comparison to the upward curve of
the typeface squared ratio (in blue) curve indicates that participants are relying on a
single dimension, probably width, over the other dimension (height) or the combined
product (2D size).
Based on the empirical results in experiment 1, size proved to be a powerful factor
on the typeface size ratio judgment of words. This is an indication of the strength of
the size factor in capturing the attention of the viewers. This suggests that designers
should pay attention to the size factor and how it interacts with other design elements
such as the number of pixels, location, color and saturation of words in a tag cloud.
The findings in experiment 2 also confirm the findings of experiment 1 in that the
effect of the size of the typeface is robust. This finding is confirmed by the finding of
Halvey and Keane [42] who emphasized the importance of typeface size and Bateman,
et al [15] who found a strong visual influence of the typeface size in tag clouds and
determined that users could identify even small variations in the font size. In addition,
experiment 2 further explored the typeface size ratio judgment and how that could be
influenced by varying the relative size. In experiment 1, the overall mean size ratio
judgment was under-judged for large target words, while the judgment was nearly
the same as the typeface size ratio when a small target word was used. What is new
in experiment 2 is that the mean size ratio was over-judged for the smaller target
words, with a point where the mean size ratio was judged near to the correct value
(i.e. for the medium target word size). From an applied perspective, this gives tag
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cloud designers information about the relative typeface sizes to use in their tag clouds.
From a theoretical perspective, this is an interesting finding that might point towards
a better understanding of how viewers perceive the size of irregular complex figures
with a clear dominant horizontal axis. This finding refuted H1.
Experiment 1 did, however, reveal some findings on the appearance of words in
tag clouds. Viewers seem to be slightly influenced with ascending and descending
letters when the distractors are absent while these effects are dissipated in a tag
cloud environment. This finding confirms H3 and suggests that tag cloud designers
should not put a lot of emphasis on the existence of ascending and descending letters
in tag clouds as they don’t seem to bias the perception of the viewer. In contrast, this
study clearly showed that the size ratio judgment was greatly influenced by varying
the width between the two words in the target pair, which is an indication that the
width factor needs to receive more attention in the perception of tag clouds research.
This finding is a contrary to H4.
Although mean typeface size ratio judgments between different decorations seem to
be close to each other (See Figure 33), empirical results showed a minor influence of
boxes and filled areas in the typeface ratio size judgment in a tag cloud present display
type when a small target word was used. This correlates with what has actually been
applied in journalism where decorations around the words were used and in small
typeface size [5] (Figure 61). Based on the empirical results in this dissertation,
decorations should only be used for smaller target words. In addition, as showed
by statistical tests, the effect of the decoration on typeface size ratio judgment was
stronger in the tag cloud absent display type. A further study on different sizes and
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decorations will likely help understand this effect better.
Figure 61: Example of a tag cloud used by a journalist adapted from [5]
The typeface style also had a significant effect and participants tended to over-judge
the typeface size ratio judgment of bold typeface. This clearly shows the influence of
bold typeface and this is also supported by Bateman, et al [15] who found that the
font weight in a tag cloud had a strong visual effect. This confirms H5. Bold text
also seemed to be a noticeable factor as some comments from participants about that
were reported. There were 39 comments of users indicating that the typeface style
(i.e. bold vs. regular) influenced their perception of relative size such as: ”I based my
decisions on the boldness of each of the font of each of the words and tried to visualize
blowing them up from the small word to match the large”, ”The bold face letters led
me to believe the word was bigger than it actually was” and ”the boldness of the word
creates the image of the word being bigger than it really is”. Based on the empirical
results, it was also clear that for regular font, the left-right difference emerges at larger
sizes for the target word, whereas, for bold font the left-right differences emerge for
the medium and smaller target word sizes (See Figure 54). These effects are small
and may indicate different spatial attention biases for regular and bold font. Overall,
bold and regular fonts were not appreciably differentially biased to a degree that tag
104
cloud creators should worry about this variable. Spatial attention may have small
effects where relative word size ratio judgment is more distorted on the right than
the left for both bold and regular typefaces, but in different size ranges.
The main effects of both horizontal and vertical independent variables were not
significant. However, an examination of the quadrants reveals, the means of typeface
size ratio judgment of target pairs in some quadrants were statistically different from
each other. In addition, the empirical results showed that the mean values of typeface
size ratio judgment of target pairs in each two quadrants at the relative size 18 vs. 30
were not statistically different from each other. The minor influence of the location
on typeface size ratio judgment was only notable between some quadrants at relative
sizes 18 vs. 24 and 18 vs. 36. Empirical results also showed that the typeface size
ratio judgment of pairs in the upper-left portion was not significantly higher than
that in the other quadrants in tag cloud. Interestingly, participants were slightly
over-judging target pairs in the lower quadrants as opposed to target pairs in the
upper quadrants. This is a contrary to H6.
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Figure 62: Tag cloud of chapter 8 generated by www.tagcrowd.com
CHAPTER 9: SUMMARIES AND CONCLUSIONS
Most action is based on redemption and
revenge, and that’s a formula. Moby Dick was
formula. It’s how you get to the conclusion that
makes it interesting.
— Sylvester Stallone
This dissertation studied the effect of different tag cloud visualization parameters
on perceiving the relative size of words consisting of dissimilar characteristics in
tag clouds. In this research, two experiments were conducted and both of them
measured typeface size ratio judgment of a target pair of words. In experiment
1, the display type (tag cloud absent vs. tag cloud present), appearance of words
(e.g. words with and with no ascending letters and wide versus narrow words),
the decorations around words (e.g. boxes, shadows) and relative typeface size were
manipulated. In experiment 2, the typeface style (regular vs. bold), the horizontal
location (left vs. right), the vertical location (upper vs. lower) and the relative size
were manipulated. The size of the anchor word was also varied, using a smaller anchor
word in Experiment 1 and a larger anchor word in Experiment 2.
The main goals of this dissertation were to understand how relative typeface size
was perceived in a tag cloud and how size interacted with other design elements. Size
is one the main characteristics varied by tag cloud designers to indicate the relative
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frequency of words in a search text. Because size has a strong influence in capturing
the attention of the viewers, it was chosen to be studied in this research. An extensive
literature review did not reveal any study that observed how users quantitatively judge
relative size of two words in a tag cloud and it was studied for the first time in this
dissertation.
The goals of this dissertation were achieved. First, the outcomes demonstrated that
there was a generally increasing under-judgment of the relative size of larger words
in a tag cloud that escalates with increasing size. However, if the larger and smaller
words differ by less than a factor of 3 in size ratio squared, relative size judgments
were approximately veridical. In addition, there was an increasing over-judgment of
the relative size that increased with decreasing the size of the target word. Moreover,
the fact that the relative size judgments scaled up linearly with increasing target
word typeface, rather than increasing upward in a nonlinear trend (i.e., in a concave
quadratic pattern) suggests that viewers were weighting a single dimension, perhaps
the more salient dimension of word width, more heavily than the area (i.e., product
of height and width). This hypothesis is supported by the observation, in Experiment
1 that displays where the larger word had a greater proportion of wide letters and
resulted in an increase in size ratio judgments in the absence of a typeface size change.
Beyond experiment 1, The second goal of this dissertation was understanding how
size interacts with other design characteristics. Empirical results clearly showed the
influence of the appearance of words. Overall, ascenders and descenders did not seem
to have an influence as opposed to words with wider letters that did have an influence.
In addition, results clearly showed the minor influence of boxes and filled areas on
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typeface size ratio judgment of pair of words in tag cloud displays. Furthermore, the
results showed the influence of the typeface style (e.g. bold typeface) and how it also
interacted with the location of the target pairs.
The significance of this research is that it answers many questions about typeface
size ratio judgment in tag clouds and how different characteristics of tag clouds can
interact with each other to influence the typeface size ratio judgment. It provides
many findings for tag cloud designers to take into consideration when designing tag
clouds, given the importance of the relative size in communicating the frequency of the
words. The empirical results of this dissertation pave the road for new experiments
that look at typeface size ratio judgments in tag clouds. The overall design used in
this dissertation can be replicated to study the influence of other features such as
color, saturation, number of pixels and number of characters on relative typeface size
judgment.
109
     
     
   
     
  
   
    
     
   
   
      
     
    
    
      
      
     
       
size
cloud
tag
words
relative
typeface
experiment
influence
judgment
design
dissertation
increasing
ratio
characteristics
interacted
larger
results
studied target
vs
anchor
different displays
goals
letters
location
pair
research
showed
addition appearance area
ascenders bold boxes
clearly
conclusion
dimension
empirical
formula frequency
main manipulated
number observed overall
perceived
smaller
style
understand varied
viewers wide width
achieved approximately
attention capturing chapter
characters
color concave consideration decorations
dissimilar elements
fact generally
heavily height horizontal hypothesis
indicate interesting
literature
minor moreover narrow nonlinear
opposed parameters
proportion redemption regular
replicated review
salient saturation squared stallone
suggests summaries sylvester
type used users
veridical vertical visualization weighting
Figure 63: Tag cloud of chapter 9 generated by www.tagcrowd.com
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APPENDIX F: MEAN VALUES IN EXPERIMENT 1
Table 8: Mean values of typeface size ratio judgment for the interaction between
display type, appearance and relative size for the tag cloud absent display type in
experiment 1
Decoration Relative Size
Appearance
No Ascenders
&
Descenders
Narrow vs. Wide
Ascenders
&
Descenders
No Decoration
12 vs. 18 2.092 2.382 2.037
12 vs. 24 2.538 3.092 2.511
12 vs. 30 3.478 3.715 3.422
12 vs. 36 4.105 4.712 4.160
Boxes
12 vs. 18 2.115 2.251 2.175
12 vs. 24 2.702 3.038 2.772
12 vs. 30 3.455 4.002 3.638
12 vs. 36 4.063 4.674 4.232
Filled Areas
12 vs. 18 2.132 2.314 2.115
12 vs. 24 2.685 3.017 2.751
12 vs. 30 3.38 3.832 3.542
12 vs. 36 3.929 4.574 4.366
Shadow
12 vs. 18 2.042 2.143 1.995
12 vs. 24 2.514 3.049 2.749
12 vs. 30 3.358 3.823 3.354
12 vs. 36 4.028 4.691 4.14
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Table 9: Mean values of typeface size ratio judgment for the interaction between
display type, appearance and relative size for the tag cloud present display type in
experiment 1
Decoration Relative Size
Appearance
No Ascenders
&
Descenders
Narrow vs. Wide
Ascenders
&
Descenders
No Decoration
12 vs. 18 2.109 2.372 2.138
12 vs. 24 2.558 3.065 2.834
12 vs. 30 3.534 4.114 3.465
12 vs. 36 4.415 4.654 4.325
Boxes
12 vs. 18 2.192 2.483 2.220
12 vs. 24 2.931 3.280 2.815
12 vs. 30 3.528 3.908 3.614
12 vs. 36 4.343 4.748 4.372
Filled Areas
12 vs. 18 2.260 2.465 2.131
12 vs. 24 2.897 3.162 2.957
12 vs. 30 3.472 4.008 3.62
12 vs. 36 4.248 4.672 4.357
Shadow
12 vs. 18 2.075 2.342 2.128
12 vs. 24 2.798 3.078 2.897
12 vs. 30 3.666 4.006 3.494
12 vs. 36 4.351 4.803 4.366
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APPENDIX G: MEAN VALUES IN EXPERIMENT 2
Table 10: Mean values of size ratio judgment for the interaction effect typeface style
x horizontal x vertical x relative size in experiment 2
Typeface Style Horizontal Vertical Relative Size Mean
Regular
Left
Upper
18 vs. 24 2.013
18 vs. 30 2.803
18 vs. 36 3.514
Lower
18 vs. 24 2.013
18 vs. 30 2.826
18 vs. 36 3.575
Right
Upper
18 vs. 24 1.979
18 vs. 30 2.844
18 vs. 36 3.427
Lower
18 vs. 24 2.058
18 vs. 30 2.798
18 vs. 36 3.414
Bold
Left
Upper
18 vs. 24 1.988
18 vs. 30 2.923
18 vs. 36 3.521
Lower
18 vs. 24 2.076
18 vs. 30 2.872
18 vs. 36 3.609
Right
Upper
18 vs. 24 2.141
18 vs. 30 2.823
18 vs. 36 3.473
Lower
18 vs. 24 2.088
18 vs. 30 2.802
18 vs. 36 3.621
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APPENDIX H: EXPERIMENT 1 VISUALIZATION (TAG CLOUD ABSENT)
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APPENDIX I: EXPERIMENT 1 VISUALIZATION (TAG CLOUD PRESENT)
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APPENDIX J: EXPERIMENT 2 VISUALIZATION
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APPENDIX K: A WORDLE OF THE WHOLE DISSERTATION [7]
